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PREFACE. 



-* * 



THE rapid growth of the Electricity Supply industry 
during the last fifteen years has brought into action 
enormous numbers of Electricity Meters of many 
types, depending for their action on various principles. 
Considering the important part these relatively small 
pieces of apparatus play in the industry, it is surprising 
how little is to be found in Electrical literature devoted 
to them and to their construction and management. 
Descriptions of new meters have certainly from time to 
time appeared in the technical press, but apart from 
these very little has been written on the subject. 

No attempt has been made in the following pages to 
even refer to many meters which have appeared, but 
which have from various causes not found favour. A 
description, however brief, of all the meters which have 
been tried would fill a volume of considerable size, much 
of which would be out of date. From a historical point 
of view this matter would no doubt be interesting, but 
from a practical one it is not so important. Only those 
meters have, therefore, been described which are in use 
at the present day or which have recently been intro- 
duced. 

After a short introductory Chapter, those following are 
devoted to Alternating -current Meters, Continuous- 
current [Meters, Meters suitable for both Alternating 
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and Continuous Current, Prepayment Meters, Double 
Tariff Meters and Maximum Demand Indicators, and 
Tram Car Meters. In each of these Chapters the Meters 
referred to are arranged in alphabetical order. 
_JThe latter portion of the book is devoted to TESTING 
arrangements and apparatus, meter testing, fixing, read- 
ing, cleaning and repairing, and meter book-keeping, 
and it is hoped that this portion may prove of service 
to those engaged in meter work generally, and especially 
to those about to enter this brancm of the work con- 
nected with electricity supply. Many of the large elec- 
trical undertakings are provided with properly equipped 
1 test rooms, but in many instances it seems that, whilst 
na expense is spared on station equipment, the outlay 
on first-class testing instruments and convenient testing 
switchboards and tables is begrudged. Considering that 
' the revenue of such an undertaking depends so enor- 
mously on the proper initial calibration and subsequent 
efficiency of the meters employed, this seems all the 
more remarkable. 

In conclusion, I wish to express my sincere thanks to 
those firms who have kindly lent blocks for illustrating 
their meters ; to my colleague, Mr. W. G. Shee, who has 
devoted much of his time and skill in producing the 
photographs from which many of the original blocks 
have been made ; and to Messrs. Kelvin and James 
White for permission to use the tables of doubled square 
roots. 

C H. W. G. 
LONDON, March, 1906. 
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CHAPTER I 



INTRODUCTORY. 

When electric lighting developed out of the experimental 
stage, to become a practical method of illumination, the energy 
being supplied by means of mains to numerous consumers by 
one supplier, or undertaking, the necessity for metering the 
amount of energy taken by each individual consumer became 
the mother of several inventions, in the shape of meters of 
more or less practical form. Many of these have become 
extinct, and only a few of the earlier types have remained in 
use up to the present day. Previously a certain sum was 
charged per lamp per annum, or per quarter, but the unfairness 
— both to consumer and to supplier — of this method of 
charging would have done much to check the growth of the 
electric lighting industry. 

The work imposed on an electricity meter is perhaps the 
hardest that is put upon any electrical machine. It is erected, 
probably in a cellar, and kept there for four or five years or 
longer without receiving any attention, except an examination 
of the reading once a quarter . by the meter reader. It is, 
further, expected to be accurate on all speeds, from zero to the 
speed corresponding to its full load, and, should it 'become 
inaccurate to an extent of 5 or 6 per cent., it is liable to be 
looked upon as a terrible offender (particularly by the con- 
sumer, if the inaccuracy be against him). 

It is sometimes put forward that the accuracy of a clock or 
watch remains good for many years, and therefore why should 
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not a meter be made to have the same accuracy ? The work 
of a clock, however, is very different. It works at a uniform 
speed with a strong power to drive it, whereas in a meter the 
power for driving is kept down as low as possible and is 
generally very small. 

The function of an electricity meter is to measure the 
amount of electric energy consumed in certain translating 
devices, such as lamps, motors, heaters, cooking apparatus and 
the like. 

When a continuous-current of electricity passes in a circuit, 
work is done in that circuit, and the practical unit by which 
the amount of work done is expressed is the joule. The 
joule, being the work done in one second when a current of 
one ampere flows under a potential difference of one volt, or 
one watt for one second, is a small unit from an electrical 
engineering point of view, and, therefore, the Board of Trade 
Unit (B.T.U.) has been taken as the commercial unit by 
which electric energy is bought and sold in the United King- 
dom, and is equal to 1,000 watt-hours, or one kilowatt-hour. 
The Board of Trade unit is, therefore, 3,600,000 times as large 
as the joule. 

In continuous-current circuits the energy consumed in a 
circuit expressed in watt-hours (or thousandths of a B.T.U.) 
is always the product of current in amperes, pressure in volts, 
and time for which the current flows in hours. 

Jn an alternating-current circuit the current and pressure 
at each moment are varying, and their variations may be 
represented by sine curves. Their effective, or virtual values, 
are equal to the square root of the mean of the squares of all 
the instantaneous values. If the two curves indicating the 
instantaneous values of the current and pressure vary together 
— that is to say, if they are both positive, or both negative, 
during the same intervals of time — then the product of their 
virtual values and the time is equal to the energy supplied to 
the circuit, which would be the case in a non-inductive circuit. 
The energy measured in this way would be the equivalent of 
that if a continuous current were flowing. Should the circuit 
be inductive or possess capacity, the current curve will lag 
behind or lead the pressure curve by an amount depending on 
the inductiveness or amount of capacity in the circuit. The 
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lag or lead is usually expressed as an angle, the whole period 
representing 360 deg. 

In such circuits the product of^the effective or virtual values 
of amperes and volts does not give the mean rate of working, 
or true watts, as the current for some part of the time in each 
complete period is of opposite sign to the pressure ; hence their 
product is negative during these intervals, which means that 
power is being returned from the circuit. The true power is 
in such a case given by the expression 

W = A„ x V p x cos a, 

where a is the angle of lag. 

Thus the energy supplied to the circuit in Board of Trade 

units is 

U = 1000 (A v x V t . x cos a x H), 

where H is the number of hours during which a current A, 
amperes flows at a pressure V v volts through a circuit the power- 
factor of which is cos a. 

Electrical meters, or more correctly, electrical integrating 
meters, may be divided into two classes. They are (1 ) Watt- 
hour meters, and (2) Ampere-hour meters. Those of the first 
class register, or should register, the true energy supplied through 

them. Mathematically, they find the value of I CYdt where 

J to ' 

C and V are the various values of the current and pressure 
between the time3 t Q and t x . In the case of alternating-current 
meters, C and V are the virtual amperes and volts respectively, 
and the expression under the integral must be multiplied by 
the " power-factor " of the circuit. For the second class the 

integral becomes / c dt, the pressure being assumed constant 

at the " declared pressure." If this declared pressure is not 
kept, then with an ampere-hour meter the number of Board of 
Trade units for which the consumer would be charged would 
be too high or too low, according as to whether the supply 
had been at lower or higher pressure than the " declared." 

Ampere-hour meters possess the advantage of simplicity of 
connections, as they are inserted in one main only, whereas 
watt hour meters either require both mains to be taken into 
the meter, or one only, and a tapping from the other to supply 
the current for the shunt winding. 

b2 
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In the case of alternating-current circuits, ampere-hour 
meters should only be used when the circuits are practically 
non-inductive, such as those containing incandescent lamps, as 
it is in such circuits only that the consumption of energy can 
be arrived at with any accuracy by means of an alternating-cur- 
rent ampere-hour meter. Frequently the dials of ampere-hour 
meters are stated to read Board of Trade units at a constant 
pressure, but although the pressure may be constant, their read- 
ings would always be too high when used on inductive circuits, 
owing to the fact that they cannot take any account of the lag 
of the current behind the volts. Their inaccuracy on inductive 
circuits becomes greater and greater as the lag increases. 

If employed on such circuits, their readings would indicate 
the " apparent " units instead of the " true " units consumed. 
To obtain the true units it would be necessary to multiply the 
consumption as shown by the meter by a constant, this constant 
being the cosine of the angle of lag (or power factor). This 
would only be possible where the power factor was unvariable, 
Watt-hour meters are much more suitable for alternating- 
current circuits, and are almost always used now, even on 
non-inductive circuits, the exceptions being in small installa- 
tions of a few lamps. 

As will be seen later on, however, some alternating watt- 
hour meters are quite as unsuitable as ampere-hour meters for 
the metering of energy supplied to inductive circuits, unless 
properly designed for such work. 

Ampere-hour meters are only suitable for one kind of 
current, but several watt-hour meters have been put on the 
market which are equally suitable for alternating and con- 
tinuous-current circuits without any mechanical alteration, and 
in some cases without special calibration. This— although not 
an important feature to suppliers of current who generate only 
one kind, and do not propose to change their supply in future 
to another kind — is a distinct advantage in more ways than 
one to those who supply both alternating and continuous 
current, or to those who intend to change the supply from 
alternating to continuous, or vice versa, Meters form a large 
item in capital outlay, and the wholesale " scrapping " of a 
certain make owing to its unsuitability for working on the new 
supply would mean a great expense. 
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Another point, although by no means so important, is the 
number of meters in stock, which would be consequently 
increased. Many sizes of meters have to be stocked, and it is 
very desirable to keep down the stock — which is idle capital 
— as much as possible. In order to avoid delay in supplying 
meters from the test room for erection, it is always necessary 
to have a supply in all sizes tested. There must of necessity 
also be several which are untested, and, after the undertaking 
has been running some time, a further stock, composed of 
defective meters brought in from time to time from circuit, 
which cannot always be repaired at a moment's notice, will 
further swell the store. In a large electric lighting under- 
taking, with some thousands of meters, there must necessarily 
be a number constantly being returned from the above cause, 
as also on account of consumers increasing their lamp connection. 
It is worth while to overhaul, or at any rate to inspect carefully, 
all meters that have been returned to the testing department 
after having been out on circuit for some time. 

Meters may also be classified according to the principle 
upon which they work, thus : Clock meters, electrolytic meters, 
motor meters. Clock meters form the smallest class, there 
being practically only two examples in commercial use at the 
present day. They depend either upon the difference of the 
rates of two separate clocks (such difference being caused by 
the energy passed through them), as in the Aron meter, or on 
the rate of oscillation of the escapement wheel (caused by the 
current), as in the Mordey-Fricker meter. 

Electrolytic meters, as their name implies, depend for their 
action on electrolysis. Water is decomposed into its gases, or 
copper is transferred from one copper plate* to another, both 
being in a solution of copper ; or mercury is precipitated out 
of a solution of a mercurous salt. This class is confined to 
continuous-current circuits up to the present, although attempts 
have been made to produce electrolytic meters for alternating 
working, but so far without success. 

Motor meters form by far the largest class. In these a 
small but definite fraction of the total energy which they are 
to measure is used to work a motor, to which is attached a 
train of wheels for recording the number of revolutions of the 
motor. The speed being made proportional to the energy 
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passed, the indices on the train may be made to indicate 
directly the kilowatt-hours taken by the consumer. 

Probably the most advantageous classification for the pur- 
pose of description, however, is to divide meters up according 
to the work for which they are suitable, thus : — 

(1) Meters suitable for alternating-current supply, 

(2) Meters suitable for continuous-current supply, 

(3) Meters equally suitable for both alternating and con- 

tinuous-current supply, 

and in this way it is proposed to describe them in the follow- 
ing chapters. 



CHAPTER II. 



* ALTERNATING CURRENT METERS. 

Meters suitable for use on alternating-current circuits only 
mostly depend for their working on motion being produced 
by alternating magnetic fields acting on a disc or cylinder of 
metal. They comprise the following four principal parts : — 
(1) A registering train, (2) the moving portion, or rotor, 
(3) a driving combination, composed of an iron core with 
series and shunt coils, (4) a Foucault brake. 

The registering train gears with a worm or pinion on the 
main spindle, and thus records the number of turns made by 
the moving part ; a definite ratio is fixed between the first 
dial and the main spindle, so that the readings of the dials 
may be made equivalent to the number of Board of Trade 
units transmitted. The moving portion consists of a flat disc 
or bell of copper or aluminium, forming the rotor, sup- 
ported by a vertical spindle through its centre, which rests 
upon a jewelled footstep bearing, and is held in position by a 
small bearing at its upper end. In this type of meter the 
mechanical friction may be kept low owing to the lightness 
of the moving portion, and to the absence of the necessity for 
commutation. This, coupled with the ease with which the 
acceleration can be prevented above the desired amount by 
means of the eddy-current brake, avoids the necessity of any 
mechanical contact with the moving part, with the exception 
of its top and bottom bearings and the point where the motion 
is transmitted to the registering train. The action of all meters 
of this class is the same, the differences between the various 
types being those of design, construction and workmanship. 
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The motor is in reality a two- phase asynchronous motor, 
capable of being worked on a single-phase two-wire circuit, a 
torque being produced by a magnetic field which varios in 
intensity and alters in position continually, acting on the 
fields set up by eddy currents which are generated in the 
rotor by the impressed field. 

The shifting, or rotating, field is really the resultant of two 
fields, one of which is due to the main coil or coils through 
which the current consumed by the lamps or other apparatus 
passes, and the other to the shunt current. The main coils are 
of low resistance and few turns, and are as non-inductive as 
it is possible to make them ; consequently the current is practi- 
cally in phase with the pressure if the load be incandescent 
lamps or other non-inductive load. The shunt circuit is made 
as inductive as possible, so that the current through it lags 
nearly 90 deg. behind the impressed voltage, and consequently 
by almost the same amount behind the main current. 

In order that an induction watt-hour meter may be a true 
energy meter on loads of varying power factor, and especially 
on very inductive loads, it is necessary for the fluxes due to 
the main and pressure coils to be in exact quadrature. As the 
main current is bound to have a slight lag, passing as it does 
through a coil, and as also the shunt current cannot be 
made to lag 90 deg. behind the impressed volts (for the 
shunt coil must have some resistance), the meter, although 
capable of being made to register non-inductive loads accurately, 
would register too little if used on circuits of power factor, less 
than unity if made without any compensating device. Its 
armature would cease to move at all on a load the power 
factor of which was equal to the cosine of the angle of lag 
between the main and shunt currents, and it would rotate 
backwards, giving a negative value for the consumption on 
highly-inductive circuits in which the power factor was less 
than the above value. It is not, however, essential that the 
currents in the shunt and main coils be displaced in phase by 
90 deg. so long as the magnetic fluxes are so displaced. Certain 
devices are, therefore, introduced in order to attain this end, 
so that the final result is that a resultant flux is produced 
which is in quadrature with the one not acted upon by the 
compensating device. Under such conditions the torque 
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exerted upon the disc is proportional to the cosine of the angle 
of the lag of the main current, and is also proportional to the 
product of shunt and series fluxes, which, in their turn, are 
proportional to the currents causing them ; consequently, the 
torque varies directly as the true power transmitted, or as 
C x V x cos <£, C and V being the virtual current and voltage. 

In order that the shunt current may be proportional to the 
impressed voltage, it is necessary that the iron be not too 
highly magnetised. 

The two fluxes at 90 deg. displacement may be imagined to 
combine into one resultant flux, which acts on the disc or 
armature, and the way in which this flux alters in position 
may be followed by analysing the conditions which exist at 
different times during one period. Thus, if the two curves 




Fig. 1. 

M and S represent the two fluxes (Fig. 1), duo. to the main 
and shunt currents respectively, and if diagrams be drawn of 
the stationary portion of the motor indicating the polarity of 
the iron circuit at certain instants, it is easy to see how the 
resultant flux shifts, and how, together with the fluxes due to 
the eddy currents generated by it in the disc, the necessary 
torque is obtained. 

The two curves are represented at a phase displacement of 
90 deg., corresponding to the condition of non-inductive load. 
The flux above ax is considered positive, and below ax negative. 
Starting at a time, a, when the series flux is zero, the shunt 
flux is at a negative maximum and the iron circuit (Fig. 2) is 
magnetised as a ring, the left-hand pole being a north and the 
right-hand one a south ; the lower vertical limb is not mag- 
netised at this moment, so that the flux passes across the 
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vertical air-gap, as indicated by the dotted lines, and there is 
only a slight leakage across the horizontal air-gap. At the 
time b (Fig. 3) the shunt flux is still negative, but the main 
flux is rising in a positive sense ; thus the polarities of the 
upper poles are still the same, but the vertical limb now has a 
flux in it, the upper end being a north pole. Therefore at this 




Fig. 2. 

instant there is a Hux in the horizontal air-gap between the 
right-hand pole and the pole of the vertical limb, as well as 
across the vertical air-gap. By the time c is reached (Fig. 4) 
the shunt flux has decreased to zero and the main flux is 
spread across the horizontal air-gap, the two upper poles being 
south and the lower one north, and there is only a slight 




Fig. 3. 

leakage across the vertical air-gap. At time d (Fig. 5) the 
shunt flux has risen, so that the left-hand pole is south aud the 
right-hand one north, the flux in the vertical limb still remain- 
ing, although diminished in strength ; so that the flux in the 
horizontal air-gap has now shifted to the left, and is between 
the left-hand and lower poles, and also between the two top 
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poles. Coming to e (Fig. 6), which is the time of one alter- 
nation, or half a period, the main flux has become zero, the 
shunt flux being a positive maximum ; consequently the flux 
passes through the vertical air-gap a3 at time a, but in the 
opposite direction, the left-hand pole now being south and the 
right north. 




Fig. 4. 




Fig. 5. 




Fig. 6. 



For the other half period the same changes take place, the 
only difference being that the polarities are the reverse at the 
corresponding intervals of time, the flux still passing from 
right to left. These same changes take place during each 
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period, so that the effect is that the flux in the horizontal air- 
gap gradually changes from zero to maximum, starting on the 
right and finishing at zero on the left, alternation by alternation. 

Fig. 7 shows the stationary portion of the motor in plan 
with the disc in position. The arrangement is that adopted 
by the Westinghouse Company in their integrating wattmeter. 
The varying resultant field generates eddy currents in that 
portion of the disc lying in and near the horizontal air-gap, 
and the action between the fields created by the eddy currents 
and the field which induces them produces the torque which 
causes the disc to rotate. 

Reference has been made to compensating devices for 
creating the 90deg. phase difference between the main and shunt 
fluxes when the load is non-inductive. The compensation may 




Fig. 7. 

be effected by (1) causing a resultant shunt flux which lags 
slightly behind that produced by the shunt winding, or (2) by 
producing a second main flux by means of a coil wound oppo- 
sitely to the first and possessing more self-induction than it. 

Suppose in Fig. 8 the flux due to the main coil be 
represented by MF and that due to the shunt coil by SFj, 
lagging by an angle, a, behind MF (a in practice is usually 
between 70 and 80deg.). If a second shunt winding is placed 
on the shunt core, having in series with it a non-inductive 
resistance in order that its self-induction may be small com- 
pared with that of the first one, it can be so adjusted as to 
produce a flux SF 2 , so that SF X and SF a produce a resultant 
RF, which lags 90 deg. behind the flux MF due to the main coils. 

As in practice it would not be desirable to have two shunt 
windings, on account of the extra cost and the increased shunt 
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loss, the same effect is usually produced by winding closed 
secondary coils on the shunt core, these being insulated wire 
or simply copper rings, and vanes in the air-gap, in which 
secondary currents are generated. These coils or rings some- 
times have resistance in their circuit, and final adjustment is 
made by varying this resistance. The disc itself also produces 
some effect. 

In the second case compensation is obtained by a second 
main coil, usually in parallel with the first but wound oppositely. 
If in diagram 9 MFx and SF represent the main and shunt 
fluxes produced without compensation, and if MF 2 be the flux 
produced by the added coil, which is wound in the reverse 
direction, the resultant main flux MR is created, which will be 



stBFt 
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Fig. 8. 



Fig. 9. 



90deg. ahead of SF when the two main circuits are correctly 
adjusted. From the diagram it is apparent that the circuit 
which produces MF 2 must have greater self-induction than 
that which produces MF,, for if their self-inductions were 
equal, MF 2 , and consequently the resultant MR, would all 
be in the line ab with MF lf and no difference would be pro- 
duced in the angle a. The circuit producing MFi usually 
includes an adjustable resistance, by which the final regulation 
is effected. 

In practice induction motor meters are rarely quite accu- 
rately compensated, and, indeed, this is not absolutely neces- 
sary, for they are seldom called upon to work on circuits of 
lower power factor than 0*5. They may be found to be either 
under compensated or over compensated. If a meter which 
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is found to be correct on a non-inductive load be tested on an 
inductive one, and is found to under-register, it is an indication 
that the angle Ixitween the fluxes has not been altered suffi- 
ciently. If, on the other hand, the meter is found to over- 
register on the inductive load, the compensation has been 
overdone, and to correct this it would be necessary to reduce 
the effect of the compensating flux. 

The Foucault or eddy-current brake is now so well known 
that it hardly needs description. It is a most important factor 
in motor meters, being made use of in the majority of meters 
of this class. 

A disc of metal rotates in the field of a permanent magnet, 
and in consequence of the movement eddy currents are gene- 
rated in the disc. The torque thus created is proportional to 
the speed, and therefore prevents acceleration after the disc 
has obtained a definite speed. 

This form of brake is so simple, yet so perfect, that no 
better can be wished for, and the only point against it is the 
uncertainty of the strength of the magnets remaining constant. 
To ensure uniformity in the strength, it is important that the 
magnets be made of a very hard steel and tungsten alloy; 
that their length and section should be great compared with 
the length and area respectively of the air gap, so that a 
strong flux may be maintained ; that they be properly aged 
artificially, so that after the ageing processes they are left at 
just the right strength which the quality of the alloy is 
capable of retaining permanently ; and, finally, that the air-gap 
does not alter by the magnet tending to warp, and so opening 
out or closing up the air-gap by a slight amount. A very small 
alteration in length of the air-gap makes a great difference in 
the brake torque and, consequently, in the speed of the meter. 

The Aron Induction Watt-hour Meter. — This meter, which 
is known as the " Aron Motor Meter," to distinguish it from the 
clock meters invented by Dr. Aron, is shown in Fig. 10 with 
its cover removed. The moving portion consists of a vertical 
steel spindle, the base of which is hardened and polished, and 
rotates on a jewelled footstep bearing. Near the lower end of 
this spindle an aluminium disc is fixed which forms the rotor 
and brake disc, being driven by the stationary portion of the 
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motor seen on the left of the 6gU», and retarded by the fluid 
of the horseshoe magnet, which is clumped to ;l big standing 
out from the back of the meter. In this instance the whole 
of the magnet is above the disc, with a yoke— which is adjust- 
able — fixed underneath. 

The motive part, as will bo seen from the diagram Fig. 11, 
consists of a horseshoe electromagnet built of laminaled iron 
npittgB carrying the two shunt bobbins. Below the shunt 
coils, the laminations L, by nearly touching the vertical limbs 
of the horseshoe, form a nearly-closed magnetic circuit through 
the shunt coils, causing the current in them to lag considerably 
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behind the impressed volts. Further lag in the flux is in this 
"istauce caused by the short-circuited coils AA, which, in 
iality, are formed out of sheet metal with square holes to 
enable them to be passed on to the shunt poles. These form 
the compensating device to enable the meter to be used on in- 
stivc loads. The permanence of the value of the constant 
for loads of varying power factor, of course, depends on how 
accurately the compensation has been made in individual 
meters. The main coil is situated between the two shunt-poles, 
uid the resultant shifting flux, which produces the driving 
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torque, can be investigated, as in the previous example. A 
worm at the upper end of the main spindle transmits its 
motion to a train of wheels, which terminates in the counting 
train, which indicates the consumption in B.T. units in plain 
figures. These figures are seen through circular holes in the 
front plate of the train, and only one figure is visible through 
each opening at a time, making the readings extremely simple. 
Fig. 12 is a view of the counting train. A is the opening 
corresponding to the units per division dial, whilst the ^ths 
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dial is replaced by the opening 6. Behind the top plate, in 
which are these holes, the circular discs, with the digits to 9 
equally spaced on them, ave mounted one on each spindle. 
The disc behind B, when driven by the main spindle, turns 
with a continuous motion, and gradually winds up a hair 
spring (C), until, when zero is just coming into position, 
a pin releases a catch, allowing the hair spring to unwind, 
thu3 turning a two-toothed cog, consisting of a circular 
disc, having two teeth, as seen at W. The teeth, engag- 
ing with the wheel with which they gear, turn the disc 
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on this spindle one division, thus 1 .(ringing the next number 
into view instantaneously. The disc locks the wheel, i 
cept when the teeth are turning it. Each spindle has a 
similar double - toothed disc, which engages at the proper 
time with the toothed wheel (such as the one shown at W in 
Fig. 12) on the nest higher spindle. The advantages of this 
typo of lrain are the simplicity with which the reading is taken 
and the impossibility of having intermediate positions, as i 
the ordinary cyclometer trains; the numbers springing into 
position instantaneously enable a definite reading to be always 
visible. The one drawback cf this type of counting train is 
that the work put on the, main moving part is variably 
according to the extent to which the spring is wound. It is 
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Fill. 12.— COCSTINQ TllAIH, ARUN MOTOIt MbTEE. 

necessary that the spring be sufficiently powerful, with a large 
factor of (afety, to turn all the wheels cf the train simul- 
nsly when it is released. At lowjoads the speed of the 
motor is affected accordirg to the extent to which the spring 
is wound. Tests on a sample, with the spring nearly fully 
wound, and with it unwound, showed a difference of -1 per 
int. at j,jth load, but the amount seems to be variable. 
The Aron meter possesses a rather low torque, its full load 
altte being about 1 gr.-em. The speed is somewhat higher 
is usual in this class of meter— viz., two revolutions per 
second at full lead. The weight of the rotor and spindle 
together is 24 gramme*, which is a medium figure for meters 
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loosened the clamping screw S. The screwing np of V 
creases the leakage or reduces the magnetic field of the bi 
magnet passing through the disc by making a second path 
for it through V and the back plate (which is of iron) to the 
top pole of the magnet III this way a very delicate adjust- 
ment can be made to the brake field. Should the curve 
require raising or lowering at low load, this is easily done 
by moving the iron screw E'2 (Fig, 14) forward or backward as 
required by means of the knob El. If El is brought forward 
the speed will be increased. 




15.— Stationary Portion of Motob of Bat Muter. 



The motive part is seen in Fig. 15. The two shunt coils a 
wound on a U-shaped iron core, the upper ends of which a 
split to form two poles. A laminated yoke is placed above 
the shunt coils, there being small air-gaps between this yoke 
and the core. Upon the four horns of the core are wound the 
series coils in reversed directions (Fig. 15), thus causing a time 
lag in the fluxes through the two horns of each pole. The 



ALTERNATING-CURRENT METERS. 21 

resultant shifting field in this meter passes twice through the 
disc, once at each pole. It starts from the first and third 
horns and shifts to the second and fourth, when it again starts 
at the first and third, and so on, passing up through the disc 
along the iron bar E (Fig. 14) and down at the other pole. 
The meter possesses a fair torque for this class of meter, it 
being about 2*3 gr.-cm. at full load. The moving part is 
relatively heavy, viz., 85 grammes, the weight being due to the 
rather large copper disc used. The curve of the meter on non- 
inductive load is a fairly straight line, drooping about 1 per cent, 
at full load. On inductive load of power factor 0*44 a differ- 
ence of 2*6 per cent, has been found, the meter under-register- 
ing, as would be expected. The starting current is low. The 
shunt current of 100-volt meters is 0*06 amperes, and, 
assuming the lag of this current to be 80deg., the true watt 
loss in the shunt circuit would be 1*04 watts. Single-phase 
meters of this make are made up to 500-amperes capacity and 
for pressures up to 300 volts. For circuits above 300 amperes 
series transformers are employed and above 300 volts potential 
transformers, the meter used in conjunction with them being a 
100-volt 10-ampere one. 

Two and three-phase meters are also made ; they are some- 
what similar to the single-phase meter, but are provided with 
two driving portions and an additional disc, one of the discs 
being used as the armature and the second as the brake disc. 
The Bat meter is made in France and Switzerland. The work- 
manship is all that can be desired. The watt-hours* per 
revolution of the disc is marked on the name-plate of each 
meter and a number, which, when multiplied by 500, is the 
watt-seconds per revolution, is stamped on one of the gear 
pillars. 

The Brush-Gutmann Meter. — The Brush-Gutmann meter is 
another example of the induction-motor type of integrating 
wattmeter. It is made in America, and its design and work- 
manship are good. Its case is composed of an iron box with an 
aluminium cover containing the necessary windows for reading 

* This constant is incorrectly called the watts per disc revolution on 
the meter. 
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the dials and inspecting the disc. The case fits on to the rim of 
the Mat-iron box and is cemented round, forming a dust^and- 
damp tight joint. Fig. IS illustrates the meter with its cover 
off, and shows the permanent mugnet of the brake, which, as 
will be seen, is of a very good form for remaining jiermanent. 
The bracket on which this magnet is clamped is provided with 




Fig. III. —Bar 



s for the clamping screws, which enable the magnet to be 
shifted towards the edge of the disc, or in the other direction 
for calibrating at high loads. In all meters where the m.tgnet 
is shifted to alter the speed, it will be easily seen that, when- 
ever the disc extends beyond the air-gap, the speed is reduced 
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by bringing the magnet towards this odgo of the disc, causing 
the brake to work at a greater leverage. Where, however, 
the air-gap extends beyond the edge of the disc, moving the 
magnet outwards reduces the lines through tlio ditfl and thus 
increases the speed. 

The rotor is different to those of other meters in that it 
is slotted in spiral lines {see Fig. Ifi). It is claimed that by 




Fig. 17. — Station \itv 
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so slotting the disc a higher torque is obtained. Tho stationary 
portion of the motor is shown in Fig. 17. The core is com- 
posed of two parts, the main portion and the " bridge," which 
is the portion below the disc. The magnetic circuit, therefore, 
has two air-gaps, one in which the disc rotates and another at 
the back which prevents the bridge being in actual magnetic 
contact with the main portion. The shunt coil is placed on 
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of the induction-motor typo. Adjustment for high loads is 

made by raising or lowering the yoke of the permanent 
magnet, and so increasing or decreasing the brake torque 
For low-load adjustment the yoke of the motor may bo 
twisted slightly about the axis of its fixing screw. A forward 
starting torque is obtained by turning this yoke very slightly 
in a counter -clock wise direction ^looking down fiom above). 
If turned in the opposite direction from the point of neu'rality 
a backward starting torque is obtained. 

The "Bat" Meter.— Fig. 13 shows a view of the "Bat" 
meter, which is also shown diagrammatical] y in Fig. 1-1 with 






Fia. 13.— Bat Meter, \ 



Pthe dial, train and top bearing removed. This meter is pro- 
vided with a neat clamping gear. The screw L (Fig, 14) when 
unscrewed allows the collar P to rise and lift the Bpindle off 
the jewel. Referring to Figs. 13 and 14, the brake magnet is 
seen on the left, and the stationary portion of the motor 
on the right; the disc F (which is of copper) being just under 
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the registering train. The adjustment of the meter at high 
load is rendered very easy, and is done by screwing or 
unscrewing the milled-headed iron screw V, after having 



Fio. 14.— Bat Meted. Dial Tiuin a 
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The motive part of the F.E.G. meter is shown diagram 
matically in Fig. 19, and that of the F.E.M. in Fig. 20. These 




Fig. 20.— Eclipse F.E.M. Meter. Diaqiuh op Motor. 



diagrams are taken looking at the backs of the meters. By 
comparing the two diagrams it will be seen that the compensated 
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meter is somewhat more complicated, having two more main 
coils. Of the two, however, it is to he recommended, .rs the 
F.E.G. was found to have a constant 50 per cent, too high 
(meaning that the meter under-registered ) on a load the power- 
factor of which was as high as 0*8. It would thus be very risky 
to send out such a meter, for the consumer might add inductive 
apparatus to his non-inductive load at any time. The F.K.M. 
meter, from tests made by the Author, has been found to differ 
only by about 3 per cent, on a power-factor of 0*5. Short- 
circuiting through a fuse of double the ampere capacity seems 
to have no effect on the constant. The torque of these meters 
is rather low, being about 1 gr.-cm. at full load. The moving 
part is extremely light, its weight being 15 grammes, which is 
the lightest moving system of any induction motor meter which 
has come under the notice of the Author. But if additional 
friction appears in the registering train the constant is greatly 
affected owing to the lowness of the torque, and in some 
measure to the fact that, with so light a moving part, the 
friction of the counting train becomes a more important factor 
in the total static friction of the meter. 

The motors can now be had with the ordinary dial trains. 
These are a great improvement on the cyclometer trains, in 
which it is very difficult to detect faults. Some trouble ha3 
been caused in this direction. 

The low-load adjustment may be effected by moving the 
vane (see Figs. 19 and 20)*to the right or left. The speed is 
increased by moving the vane nearer the spindle, and, conse- 
quently, the reverse effect is produced by moving it the other 
way. Alteration of the vane may affect the high-load speed 
if much adjustment is necessary, but in a much smaller degree. 
The action of the flux on the vane produces a torque which 
may cause the meter to run on its shunt if made too strong. 
To prevent this, a very' small piece of iron is let into the 
disc, so that when the iron gets between the poles of the 
brake magnet it is held there magnetically, and thus prevents 
creeping. 

The meters are made in various sizes up to 50 amperes. 
Their starting currents are good, being about one-hundredth 
of full load. The full-load drop varies from 1 volt on a 
2 ^- ampere meter to 01 volt on a 50-ampere meter. The 
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shunt current of 200-volt meters is about 0-018 ampere, the 
true watts being 2 watts, cos •£ for the shunt circuit is O^oG, 
which makes the lag angle 56 deg. 

The Ferranti Alternating-current Meter. — The Ferranti 
alternating-current meter is an integrating watt-hour meter of 
the induction motor type of a design which differs considerably 




in appearance to those previously described, as will be seen 
by referring to Fig. 21 (which shows the meter with its cover 
removed) and to the sectional drawings, Fig. 22. The dial 
plate, which is porcelain faced, is, in consequence, very bold. 
The train of wheels eventually gears in the usual way with the 
main spindle, which carries an aluminium disc D (Fig. 22), the 
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latter acting as ttie rotor of the motor and the brake dine, paw- 
ing at the back through the air-gaps of the two permanent 
magnets P M. The series coils SE.O. are wound round the 
poles created by slotting the iron yoke which is fixed altove 




the disc, a wave form of winding being adopted. The shunt 
circuit consists of a single coil SH.C wound on a. bobbin placed 
round the core C of a tubular magnet T M. This magnet is 
provided with four projecting poles P t , the core having threo 
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poles P 2 , and it will be noticed that the latter are almost 
immediately under the slots of the upper or series magnet. 
Compensation for friction and adjustment at low loads is 
effected by turning the series poles about the axis of rotation 
of the disc. This causes the shunt coils to exert a torque on 
the disc. If the series pole be turned clock- wise the disc will 
tend to turn in the opposite direction. The two screws S t S 2 
butt up against the frame and keep the series magnet in 
position. By loosening the one and tightening the other it is 
possible to alter the position of the series magnet where neces- 
sary by the desired amount. The high-load adjustment is 
easily performed by raising or lowering the series magnet, 
thus altering the air-gap and making the field weaker or 
stronger. The series magnet has a threaded spindle T S which 
runs up or down the nut N. When the necessary adjustment 
is made the spindle is clamped by means of the clamp G L and 
screw S 3 . 

The meters may be adjusted to start on about one-hundredth 
of full load ; the torque is, however, rather low (approximately 
0'88 gr.-cm. at full load), consequently any additional friction 
would cause greater errors at low loads than if the torque were 
larger. The wheel train is well made and the rotor light 
(18 5 grammes), so that friction ought to remain fairly constant. 
The speed of meters of all sizes is 40 revs, per min. at full load, 
which simplifies testing. 

The Hookham Induction Motor Meter. — This meter is illus- 
trated in Fig. 23, which shows clearly the working parts. The 
spindle B carrying the aluminium disc A is driven by the shifting 
magnetic field set up by the shunt magnet D (on which is wound 
the shunt coil E) and the two main coils F. Only one of these 
is seen in the figure, the other being exactly behind it. The 
shunt magnet D is fitted with adjustable pole-pieces, G, on its 
upper pole, by means of which irregularities in the curve 
of the meter may be corrected. The meter illustrated pos- 
sesses no compensating device for altering the angle between 
the fluxes, and is intended for use on non-inductive circuits. 
In using uncompensated meters care should be taken that 
they are not installed for the purpose of metering energy sup- 
plied to enclosed arc lamps or other inductive apparatus. 
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The brake field is, as usual, produced by a permanent mag* 
set, which is of a somewhat different type to that found in 
metem of other makes. The lower pole of this magnet is 
reduced in section just below the pole-piece, with the object of 
making the " permanence " remain. When testing this meter 
the cue most be kept closed, as, being constructed of iron, it 




Fid. 23. — Hooehav A.C. Meter. 



affect* the brake. The effect of the door being open has been 
found to cause a difference of 4 per cent, on ;i meter of this type (the 
meter being slow with the door open). The meter is provided 
with a clamping gear, which can be operated (without opening 
the main cover) through the opening in the door, the cover of 
which is taken off when connecting the meter into circuit. 
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A measurement of the full-load torque of a meter of this 
make gave the value as 0*?45 gr.-cm., the weight of the moving 
system being 252 grammes. 

The Hummel Induction Motor Meter is manufactured in 
Germany for the Electrical Co., and is an example of- { 




workmanship, being extremely well ma<Ie. Fig. 24 illus- 
trates this meter with its cover removed. The motor is on 
the left and the brake magnet on the right. The meter is 
fitted with a cyclometer dial train worked by a worm on the 
main spindle. On the right of the meter is a choking coil, 
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which is in the shunt circuit. The motor consists of a lUrm 
pole core (Fig. 2i>) with a laminated yoke above the dim-. The 
shunt windings are placed on the outer limbs, the «wrif« •nil 
being divided between the middle limb ami unc irf the mist-i 1 
ones. The shunt windings produce a torque if their mapiriii 
effects are different, and this is made stitiiciont to overcome 
mechanical friction, the meters being slightly ovcrt-ompcu 
sated, which causes them rather to over- register than to 
under register at light loads. In order to prevent red-trutiuii 
on open circuit when thus compensated, a small pieee uf in hi 
inre fixed to the disc is attracted by the brake ma^m-i, and is 




Fiq. 25.— Hummel JlETEU. Duuii 



just sufficient to pull the armature up when in the position oi 
maximum effect. The turns of the sciie* mil on the outer 
limb are in the opposite direction to those of the shunt mi! <m 
that limb. If only one series coil were employed, the Held <>f 
that coil would affect the fields of the shunt coils strengthening 
one and weakening the other. To prevent the strengthened 
pole becoming saturated, the series winding is put on that 
limb. The bottom of the main spindle rests on a steel ball, 
which replaces the pivot, and rotates on a jewel in a hath of 
watch oil. The jewel mount is held in position by a piece 
of spring brass, and is removed for inspection with com- 
parative ease. A novel feature in these meters is the top 
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bearing. Instead of the top of the spindle being turned 
down to a small diameter and running in the bearing, 
the spindle is enlarged and carries a small piece of brass, 
which forms the bearing. A straight piece of steel wire of 
small diameter, fixed at its upper end, protrudes at the bottom 
of a tube of much larger diameter than the wire, and passes 
through the bearing at the top of the spindle. In this way a 
flexible bearing is formed, and the rim of the tube serves as 
the top stop of the clamping gear. The full-load torque, which 
is about 4*8 gr.-cm., is very high, and as the friction is small 
the meter should remain accurate, provided the cyclometer train 
does not introduce variable friction. The moving system 
only weighs 28 grammes, and, considering the high torque 
obtained with so comparatively light a rotor, the result is very 
creditable. 

This meter has a small full-load drop (about 0*5 volt for a 
5-ampere meter) and a shunt current which is about the average. 
The shunt current of a 200-volt 5-ampere meter is 0*06 ampere, 
which makes the apparent watts 12*0. The true watts being 
1£ per 100 volts — that is 3 — the lag of the shunt current is 
approximately 75 deg. 

The Scheeffer Meter. — The Scheeffer meter is an example of 
Canadian manufacture, being made by the Packard Electric Co. 
at St. Catherine's, Ontario, the agents being the Bastian 
Meter Co. The type G meter replaces what is claimed to 
be the first induction meter on the market, and when the 
modern meter is compared with its predecessor a good idea is 
obtained of the progress which has been made in the manufac- 
ture of meters. A model G meter of this make with its cover 
removed is seen in Fig. 26. An iron frame supports the 
motor, brake magnet, dials and jewel screw, the brake magnet 
being held by an adjustable clamp on the front, and the motor 
fixed by screws to the back of the frame. The general arrange- 
ment of the motor is seen in Fig. 27. The main coil M is 
placed between the poles of the shunt magnet S and has no iron 
core. Below the poles of the magnet is placed the disc with 
the yoke Y below it. The shunt current is taken first through 
the choking coil C, which has a nearly closed magnetic circuit, 
and then round the two poles of the shunt magnet. 




FlQ. 27,— BCHIEFFEB MuTOB, DlAOHAJl Of MOTQH. 
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The compensation for inductive loads consists of a secondary 
winding on the shunt magnet, which is regulated by the resis- 
tance in its circuit. The low-load adjustment is effected by 
altering the position of a projecting piece of iron fixed by a 
screw to the frame below the disc on the right-hand side. 
Moving this adjusting piece down increases the speed. The 
meter should be adjusted, on shunt only, until it does not 
creep in either direction. The disc is of aluminium, and is 
supported by a light brass tube ; the latter rests on a highly- 
polished and hardened-steel ball, which takes the place of the 
pivot. The jewel and ball can be inspected or replaced without 
disturbing the calibration of the meter. The disc and spindle 
together weigh about 19 grammes. The terminals are in the 
main case, but the meter may be connected up without break- 
ing the cover seal. The mains are inserted through vulcanised 
fibre bushes, one at each side of the meter near the bottom, the 
clamping screws being worked from underneath. A cover 
capable of being sealed is fixed over the screw heads. The 
shunt tee is taken to the small terminal on the right-hand side 
near the top, the fixing screw in this terminal requiring to be 
sealed by sealing-wax. This is rather a disadvantage, as two 
kinds of sealing appliances have to be used. 

The meter has a very straight curve, and does not appear to 
be affected by a dead short through a fuse of treble the capacity 
of the meter. The shunt current is low (0*02 ampere for a 
200-volt 10-ampere meter), and the drop is also small (0*1 volt 
on the same meter). 

Considering the smallness of the friction the full-load torque 
of 1*37 gr.-cm. is fair. 

The Stanley Meter. — So far as the Author is aware the Stanley 
is the only meter in which the moving portion is entirely 
suspended magnetically. The Evershed meter* was partially 
suspended magnetically,* but it was provided with a pivot and 
jewel. In the Stanley meter the rotating disc, with its soft 
steel spindle (called the^suspension core) to which the disc is 
rigidly secured, are floated in air, and consequently the only 



* See Journal I.E.E., Vol. XXIX., No. 146, p. 743 ; also The Electrician, 
Vol. XLV., 1900, pp. 283, 328, 438, 513, 562. 
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mechanical friction is that due to the wheel train, and perhaps 
the rubbing contact betweon the bushes in the steel spindle 
and the taut wire which runs through them. 

Fig. 28 illustrates the model G meter with the front part of 
the case removed, the registering dials, brass frame and brake 
magnets being visible. The two horse-shoe brake magnets 
hutt up against common pole-piecea, which are held rigidly 
in the brass frame, the object of this arrangement being to 
eliminate any chance of the length of the air-gap or distance 
between the poles taking place. The same arrangement is 
adopted in the case of the suspension magnet seen in position 



i Fig. 29, which also shows the dial train connection. A 
sectional view of the suspension system is given in Fig. 30. 
It consists of the permanent magnet Y, with its steel pole- 
pieces, A and E, and the suspension core. The upper end of 
this core is turned smaller and the lower end is flanged larger 
i the middle of the core ; the pole-pieces are hollow, and 
.he diameters of the hollows are larger than the diameters 
of the top and bottom of the core. Until the magnet 
is in position, the core rests on its flange in the cup in 
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the lower pole-piece; the top of the core will then be just 
out of the hollow in the upper pole-piece, On placing the 
magnet in position the core is attracted and raised off the cup, 
and takes up a definite position between the two poles, touching 
neither. A fine steel wire is passed through the centre of the 
core and prevents a shock displacing it, It ia stated that this 
wire does not touch the holes in the core through which it 
passes. It is a difficult matter to prove this, as the clearance 
between the wire and these holes is extremely small. Judging 
by results it seems probable that there is no rubbing contact 
here ; thus the only mechanical friction in the meter is that 
due to the wheel train, and, owing to the fine finish which t 
has, the friction must be verv small and constant. 







Fio. 29.— Back View w BcnoKinra Fbame, showing Suspension 
Magnet, Kotatixo Paiitk, and Dial Train Connections. 

A diagram of the motor is given in Fig. 31, from which it 
will be seen that there are four shunt coils and two series coils, 
and that the arrangement is symmetrical as regards the disc, 
half being above and half below. The series coils contain no 
iron core, so that the inductive drop is not great (it is about 
0'35 volt for a 10-ampero meter). The shunt terminal on the 
left is to enable the shunt circuit to be disconnected from the 
main for testing purposes. lilt are closed rings of copper 
forming shading coils, and are placed on the back half of each 
of the shunt pole-pieces. The vanes shade portions of the pole- 
pieces also, and by them the motor is stopped if it has any 
tendency to rotate on no load. These, together with the disc, 
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cause the necessary lag in the shunt flux for accuracy on induc- 
tile load. The permanence of the magnetic suspension is the 




Fin. 31. — Stanley Meter. Diagram of Motor. 



only doubtful point in this meter. The Author's experience 
of the behaviour of this method of suspension of the moving 
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system only extends to two years, daring which time no 
trouble has been found either in the suspension or otherwise. 
The torque necessary to overcome friction practically 
vanishes, but by means of the vanes (Fig. 31), it is possible to 
cause a forward or backward creep : thus the friction due to the 
wheel train may be compensated for. When so compensated 
even, no amount of vibration causes a creep. The more the 
right-hand vane, or the less the left-hand one, shades the pole, 
the greater the torque due to the shunt circuit becomes. The 
accuracy of the meter extends far below the single 8 c.p. lamp 
even in meters of large capacity. Notwithstanding the absence 
of friction, the meter has an extremely large torque for the 
induction motor type, it being 5*6 gr.-cm. at full load. If, 
therefore, the magnetic suspension proved a failure — of which 
there is no indication at present — the meter would be exception- 
ally good if fitted with a jewel and pivot, for the moving 
system is not heavy, its weight being 25 grammes, so that pivot 
friction would not be above the average. The shunt current 
of 100-volt meters is about 0*08 amp., the shunt watts being 
about 1 *3 ; thus an angle of about 80 deg. is obtained between 
the shunt current and the impressed volts. The Stanley meter 
is made in A marica by the Stanley Instrument Co. 

The Thomson Meters. — The Thomson Type K integrating 
induction watt-hour meter is a neatly-designed instrument of 
simple construction. Fig. 32 shows this meter with its cast 
aluminium cover removed. The rotating parts consist of a 
steel spindle having a polished base which rests on a jewel, 
the latter being supported by a spring to prevent injury by 
vibration or any sudden jar. The spindle carries an aluminium 
cylinder liaving small ribbed spokes on the top. The cylinder 
and spokes are all in one piece, the whole forming a strong 
though light rotor. The motive part, as may be seen in 
Fig. 33, consists of two hollow main coils placed outside the 
cylinder, with a shunt magnet placed equidistant from the 
axes of the main coils. The rotating cylinder passes through 
the air-gap of this magnet, the main portion of which is inside 
the cylinder. The iron of the upper limb is in two portions, 
the shunt bobbin being placed over both. A secondary coil, 
which is short-circuited through a resistance, is wound on the 
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upper half of this horizontal limb. This serves as a starting 
coil ; it is fixed indent-mien tly on a bracket, and can be shifted 
so as to create a small shifting field in conjunction with 
the shunt field, and is provided with a screw adjustment (seen 
it C, Fig. 32), By this means a torque can lie producod 
necessary to overcome the mechanical friction, and thus a high 
degree of accuracy on light loads can be obtained. This coil 
also helps to create the 00 dog. lag between the shunt and 
series fluxes. 

On the under portion of this same limb is another secondary 
winding which is not made use of in meters intended for high 




Fio. IB.— Ttfi K Wattueteh, 
with Covkb, Rotating Parts an» 
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frequencies, but by short-circuiting this coil through a resist- 
ance provided the meter becomes compensated for a low- 
frequency supply. The ends of these resistances are brought 
down to the choking coil, which is seen at D in Fig. 32 behind 
the permanent magnet support. 

By simply unscrewing two screws the dial train and top- 
bearing bracket can be removed, when the disc and spindle 
may be lifted out ; thus the working parts are easily inspected 
and can he replaced without affecting the calibration. The 
meter has atorque which is higher than that of most induction 
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meters, the full- lom 1 torque being about 4-7 gr.-cm. The main 
moving portion is somewhat heavier than that of several other 
meters of the same class, its weight being approximately 
42 grammes, but the difference in weight is more than com- 
pensated for by the increased torque. 

The Thomson Type A.C.T. meter is the latest type of 
integrating induction watt-hour meter brought out by the British 
Thomson -Houston Co., and is a very small, compact meter, 
Fig, 34 illustrates the meter which, in sizes up to 50 amperes 
inclusive, measures 7{in. long by 5frin. wide by 4£in. deep, 
and weighs 5|lb. Its cover beds on to a cotton packing and 




■ «in«l" tlmiult screw. The main moving part 
MMWI 01 I'liu mat] main spindle carrying a copper disc. 
Tin Ijrfodb I* MlppOrtad on a jewel resting on a spring, and 

, "" 1 ling |M1 ll pn.vidiKl. The stationary portion of the 

'"■■' ■■' I M llBpIl Mllgll m may be seen in the diagram 

1 ' : ■> 1 '" I ■ SWI are wound on the upper magnet, 

•Wwbl loiij poll pi* | . 1 1 hi main coils being wound, one on 
Al i-l' I""' I <<\ tbj "hunt mugnot and the other on the 

1 '"I BOM ItTRMrtJ] the horizontal air-gap through 

i' Iim h Hi" don ptHNi 
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The compensation for accuracy on inductive loads is effected 
in this case by producing a resultant main flux by means of 
the additional main coil and the resistance in series with the 
main coil of least self-induction, final adjustment being made 
by altering this resistance. The adjustment on low loads is 
made by causing a leakage path for the shunt flux through 
the horizontal air-gap and disc and the thin piece of iron I on 
the left, the alteration being made by regulating the distance 
between the bottom end of this piece of iron and the core 
on which the lower main coil is wound. An iron plate is 




Fio. 35. — Thomson A.C.T. Metes. Diagram of Motor. 



placed in front of the motor and shields the permanent brake 
magnet as seen in Fig. 34. The brake field strength i& 
adjusted by altering the leakage path by means of the screws 
in the iron plate facing the magnet poles. 

This meter has been found to have a very straight line law, 
with no difference in the constant on a circuit the power- 
factor of which was 0-5. 

The shunt current of these meters is very small — viz., 
0-0235 for 100-volt and 0009 for 200-volt meters. Notwith- 
standing this, a very fair full-load torque is obtained, it being 
about 2*4 gr.-cm. This torque, with such small shunt loss, is- 
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due to the employment of a somewhat heavy copper disc, or 
rotor, which causes the weight of the moving system to be 
about 62 grammes. Pivot friction, is, therefore, relatively high 
in this meter. The dial plate is of silvered metal, and dial 
runs can be obtained in short periods by means of the frac- 
tional dials, which indicate 0-1, 001, and 000] units per 
division on the smaller meters. In order to prevent confusion 
in reading these dials are blackened. Where any trouble is 
anticipated, due to meter readers making incorrect readings, 
the hands on the fractional dials may be removed after testing. 







For two- and three-phase supply circuits a meter of a special 
type is made by the British Thomson-Houston Co., as illus- 
trated in Fig. 36. It is stated to be suitable for either balanced 
or unbalanced loads, and consists of two motors acting on a 
common disc-armature, which also serves as the brake disc, 
being retarded by two permanent magnets of the usual 
Thomson type. Fig. 36 is a view of the switchboard type of 
this meter ; it is also made in a rectangular pattern, with zinc 
cover and front connections. For circuits in excess of 150 
amperes and 650 volts current and potential transformers are 
used. 
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The Westinghouse Integrating Wattmeter U another ex 
e of the induction motor meter. It is tho outcome of the 
Sballenberger, which was of much heavier design and probably 
the heaviest electricity meter made, although the moving por- 
tion was light. The Westinghouse meter is much lighter and 
smaller than the Shallenberger meter, being a very compact, 
instrument. Fig. 37 is a view of the meter with its cover 
removed, and shows the permanent magnet whicii supplies 
the brake field. The disc is of aluminium, and the stud 
spindle engages with the first wheel of the train by means 




of a piuion, the worm being introduced higher up in the 
train. The terminal box is at the top; the mains "entering 
from behind are fixed in the terminals by vertical screws, the 
heads of which are below the terminal box cover. This arrange- 
ment of the mains entering from behind the meter is rather 
awkward, particularly for making connection when testing in 
s the meter has to be taken off the backing board to 
insert the standard instrument in circuit. The Westinghouse 
Company have recently altered the design of this portion, 
which will be a great improvement. 
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A better view of the motor is that in Fig. S8, in which the 
dial train and permanent magnet are removed. The two shunt 
coils are placed above the disc on a core, which is a closed iron 
circuit with the exception of a gap (hidden by the spindle) 
in the centre between the two upper poles, and the air-gap 
between the upper and lower poles in which the disc passes. 
Lndcrneath the disc, immediately below the two upper poles 
is the other pole, which carries the series or main coil. The 
shifting of the flux in this meter has already been described. 
A choking coil, fitted in the base of the meter, is connected in 










tho uliuiit circuit. The compensation for inductive loads is 
obtained by the secondary windings on the shunt magnets, 
» In* li ;i.ro short circuited through short lengths of wire by which 
ihi' Raid hdjuatmutl are made. Compensation for friction 
ami :idju»lmont nt low toad can be effected by obtaining a 
■mall ihiftiuK flux duo to tho shunt fields by adjustment of these 
ruiUtauec* mo thftl bhl WOOadwiw arc slightly unbalanced. 

A iniifoi- pMd liii- ton chosen of 50 revs, per min, at full 

load for nil sizes. In three-wire meters a second series coil is 



ALTBttNATISa-CURRStlT ilETSBS. 47 

introduced, one series coil being connected in circuit with each 
outer. The meters are also made for registering the energy 
on two and three-phase circuits. These meters contain two 
motors, the rotors being fixed to the same shaft. 

The full-load torque is rather low; from a test on a 100- volt 
20-ampere meter it was found to be just over 1 gr.-cra. The 
shunt current of the same meter was 0O8 amperes, ami, 
assuming the lag in the shunt circuit to be 80 dog., the true 




Tnufomen Ben " 1 ™ n3 '» mle ' 

Fw, 39 — Diagram op WEaTiRdHousB Polyphase Induction Meter, 
showing Connections whin used huh Series and Potentiai 
Tbansfohhebe. 

shunt watts would be 1-4. The watts lost in the main coil 
are small, and do not exceed 5 watts in the 5-ampere meter. 
The moving system is very light, weighing only 16 grammes. 
The connections of a polyphase meter of this make are seen 
in Fig. 39, where the meter is connected in a three-phase 
circuit by means of series and shunt transformers, as would be 
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the case ou bigh- pressure circuits. The meter is thus insulated 
from the high-pressure mains. For low-pressure circuits the 
transformers may be dispensed with and the meter connected 
direct into the circuit. For a two-phase circuit the connections 
are very similar, the top connections being connected in one 
phase and the bottom ones in the other phase. 

Fig. 40 illustrates a single-phase Westinghouse meter of the 
latest type, with its cover removed. This view shows the 







improved design of terminal box, in which the mains are 
inserted through holes in the top, the heads of the clamping 
screws facing towards the front. 

Two other improvements have been introduced into this 
meter, the first being a shield for screening the brake magnet 
from the stray fields of the motor, more particularly the 
intense field which may be generated on a bad short-circuit. 
This screen consists of an iron shield with a long, narrow slot 
in it to allow the disc to pass through it freely. It is fixed as 
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shown, between the coils and the permanent magnet, covering 
the whole of the stationary portion of the motor. 

The second improvement is the introduction of a simple low- 
load or starting adjustment, consisting of a rod held by insu- 
lators, and having a sliding terminal which is capable of being 
moved up or down the rod and clamped in any desired position. 
This, as seen in Fig. 40, is placed in the centre of the brake 
magnet in front of the screen. 

Moving the terminal along the rod to the right increases the 
friction compensating torque, and a point is reached when the 
disc just turns when on open circuit if the friction is normal. 
The sliding terminal should be clamped in the position where 
the disc just stops. 



CHAPTER III. 



CONTINUOUS-CURRENT METERS. 

It will be noticed that all the alternating-current meters 
which have been described have been watt-hour meters, 
whether they be for the measurement of energy supplied to 
inductive or to non-inductive circuits, and, so far as the Author 
is aware, there have been but few examples of alternating- 
current ampere-hour meters — among which may be mentioned 
the Ferranti, Ferranti-Wright, and Schallenberger — which have 
seen any extensive service. With continuous-current meters, 
however, it is different : the great majority of those meters 
which are suitable for continuous- current circuits only, are 
ampere-hour meters. There is, moreover, a greater difference 
between the meters of different makes, some depending on 
electrolysis and differing among themselves considerably, 
whilst those of the motor type may be divided into two classes 
— i.e., the mercury motor class, and the commutator class. 
The permanent magnet plays even a greater part in the con- 
tinuous-current motor meters than in those suitable exclusively 
for alternating-current, for in a great many instances it becomes 
an important member of the motor as well as of the brake. 

The Acme Continuous-current Meter is a watt-hour meter of 
the motor type, possessing some novel features of construction. 
Fig. 41 illustrates the meter with its cover removed. The 
mechanism is mounted on a zinc base on which a cover of 
insulating material fits tightly. The main spindle carries an 
armature composed of an astatically-arranged iron core, mag- 
netised by a stationary shunt coil. By employing such an 
armature it is claimed that a large torque is obtained with 
almost complete independence of external magnetic fields, and 
also that the hyteresis errors are so small as to be practically 
inappreciable. By using an iron armature no commutator is 
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required on the main spindle, but a contact device for changing 
the direction of the current in the shunt coil (to reverse the 
polarity of the iron armature twice in each revolution) is 
mounted on a separate spindle. Sparking is reduced to a 
minimum by the introduction of a non-inductive resistance (in 
circuit with which is a small electro-magnet) in parallel with the 







armature coil, this auxiliary resistance being short-circuited 
except during the period of commutation. The point of 
reversal of the armature is a dead point, but a torque sufficient 
to carry the rotating part over this dead point is obtained by 
means o ( the electro magnet referred to above acting on an 
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auxiliary armature during the period of reversal. Acceleration 
above the desired speed is prevented by the utual magnetic 
brake. 

Referring to Fig. 42, which is a diagrammatic view of the 
meter, the main spindle 3 carries the iron armature 6, whose 
pole-pieces 7 and 8 rotate respectively outside and inside the 
main coils 10, 11. The current in the shunt coil 9, which 




Fie. 42.— Acmb C.C. Watt-hour Meter. Front Elevation. 



excites the armature, is reversed twice in each revolution by 
the commutator. The brushes 2 are connected with the 
stationary armature coil and the current is led to the segments 
by the contact blades 4 and 5, which bear on the ends of the 
commutator spindle. On the same spindle a disc is mounted 
having a number of pins round its periphery corresponding to 
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the number of commutator segments. Opposite these pins 
two semi-circular discs, 13, 14, are mounted on tbe main 
spindle in such a position that they engage with the pins and 
turn the commutator the distance of one segment per half-revo- 
lution of the main spindle. The electro-magnet 16 acts on the 
auxiliary armature 17, and thus causes the torque, which 
carries the main spindle oyer the dead point. This electro- 
magnet is brought into action by the contact device 15 fixed on 
the top end of the main spindle. The additional impulse comes 
into operation during about ^th of a revolution, so that the con- 
tact friction due to the commutator is reduced to about one- 
eighth that in meters whose brushes are constantly in contact. 
Further, as during the change from segment to segment an 
additional torque is produced, the friction caused by the 
changing has not to be overcome by the driving torque. A 
worm on the commutator spindle drives the recording 
mechanism. 

The shunt loss is stated to be about two watts, whilst the 
pressure drop at full load varies from 1 *2 volts in the three- 
ampere meter to 0*8 volt in a meter of 50-amperes capacity. 
The Author has not had an opportunity of testing this meter, 
which, in order to do away with the simple commutator, 
common to most continuous-current watt-hour meters, is 
rendered somewhat complicated. 

The Bastian Meter. — The Bastian meter is an electrolytic 
meter, and perhaps the simplest in construction of any. It 
is, in reality, a voltameter, through which the whole current to 
be metered passes decomposing water into its two component 
gases, which are allowed to escape. The drop in level of the 
remaining electrolyte is taken as a measure of the ampere- 
hours (or Board of Trade units at a declared pressure) supplied 
to the consumer. In the older type, two platinum electrodes 
are suspended by the conducting leads in the bulb at the 
bottom of a long glass tube, the top of which is open. The 
bore of this tube is made as even as possible throughout its 
length, and the leads are enclosed in two vulcanite tubes 
screwed into a square vulcanite framing, which forms a mecha- 
nical protection to the platinum electrodes enclosed by it. A 
scale, graduated in Board of Trade units at a definite voltage, 
is fixed in front of the tube in such a manner that the level 
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of the electrolyte can be easily read. The glass vessel is 
fastened in a cast-iron or tinned sheet case, having a door in 
front, in which is a long window enabling the height of the 
column of liquid to be seen from the outside. The leads from 
the electrodes are connected to terminals at either side of the 
case. The electrolyte is a dilute solution of sulphuric acid and 
water (a quantity equal to about 6 drachms of water is suffi- 
cient sulphuric acid for 5 and 10-ampere meters). As only the 
water is decomposed, it is only necessary to refill the tube with 
water. In order to prevent evaporation, which would naturally 
cause an error, paraffin oil is poured on the top of the electrolyte. 
One of the chief objections to this meter is its large pressure 
drop, which is always more than 1*5 volts, due to the back 
E.M.F. An additional drop due to the resistance of the elec- 
trolyte brings the total drop up to 3 volts at full load on a 
5-ampere meter. The drop is variable and depends slightly on 
the volume of liquid remaining, the maximum drop being at 
the zero (or top) end of the scale. Another objection is that 
the toibe requires refilling periodically with water, the period 
depending on the consumption, which may vary considerably 
in different houses. If left too long all record of the consump- 
tion is lost. Each time the meter is refilled the record is lost 
and may lead to dispute between the consumer and supplier. The 
scale is held in position by screws passing through slotted holes, 
so that on refilling the final adjustment of the zero mark to the 
level of the liquid can be made by altering the height of the 
scale. The reading should be taken from the top of the water 
and not from the top of the oil. The calibration of the scale 
is conveniently checked by filling the tube up to the bottom 
mark (or maximum reading) with water ; then, by means of a 
burette calibrated in cubic centimetres, pour in quantities of 
water corresponding to those which would be decomposed by 
a definite number of units at tho voltage on which the meter 
is to record Board of Trade units. The following table gives 
the quantity of water decomposed by 10 Board of Trade unit* 
at different voltages : — 



Cubic cm. of water. 


Voltage. 


Cubic cm. of water. 


Voltage. 


34*64 
31-5 
231 
17-3 


100 
110 
150 
200 


15-76 
151 
14*4 
1385 


220 
230 
240 
250 
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The typo " X " meter of this make is very similar in design 
to that just described. The electrodes, however, instead of 
being of platinum, are of nickel, and they are immersed in an 
alkaline electrolyte which, it is claimed, has no action on the 
electrodes. The substitution of nickel for platinum enables 




. 43.— Babtun " H " Type Electbdlttic Amese-h 






the electrodes to be much larger at a reasonable cost, and, 
consequently, the drop due to resistance is reduced. The 
Author has not had much experience with these meters, but 
has noticed that on the decomposition of the liquid the tube is 
left coated with a dirty deposit. 
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Kg. 43 illustrates an " N " type meter, in which, it may be 

mentioned, the terminals have also been improved. The leads 

are now pushed through bushed holes in the case to brass 

binding posts, sulphured in the two compartments, one on 

each side of the meter. In this way all danger of ignition of 

the gases given off by a small spark in the terminal is avoided. 

This meter is open to the same objections as the former as 

regards loss of reading and refilling, but against this may be 

balanced its extreme simplicity, its straight line law, and the 

small chance of its getting out of order, provided that it is 

properly attended to — that is to say, regularly refilled before 

the reading is lost. Its accuracy depends on the accuracy with 

which the scale is calibrated, together with that with which 

the last reading before refilling is taken, and on the setting to 

zero correctly. The reading becomes difficult if the meter is 

bubbling much at the time of refilling, in which case it almost 

becomes necessary to have the lights off. 

The Eclipse Type C.B. Meter. — This ampere-hour meter is 
made in sizes up to 10 amperes. It is a motor meter having 
an armature which rotates in a magnetic field due to two 
permanent magnets. The armature coils are quite flat, being 
supported on a partially cut away aluminium disc which forms 
the brake. The current to be metered is passed through a 
platinoid shunt having a drop of about 1 volt at full load. A 
small fraction of the main current passes, by means of very 
light brushes and a very small commutator, through the 
armature, which is connected across the shunt, and therefore 
has a very small voltage applied to the brushes. A light 
spindle, having its base polished to a hemisphere, rests on a 
jewel and supports the disc on which the armature coils are 
laid. Its revolutions are transmitted by a worm on its upper 
end to a wheel train of the cyclometer pattern. This meter, 
as in the case of the alternating meters of the same make, is 
now made with ordinary clock dial trains, which are, in the 
Author's opinion, far more reliable, their friction being so 
much more uniform. 

In Fig. 44, which is a view of the " C.R." meter, the right- 
hand magnet has been removed to give a better view of the 
armature, brush brackets and low resistance, which carries the 
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main current. The magnets, jewel screw and brush brackets 
are all supported by a plate standing out from the back. The 
low-resistance shunt consists of two spirals, seen in the back, 
one end of each being connected to each main terminal, whilst 
the other ends are supported by an insulating clamp fixed 
underneath the magnet-supporting plate near the front. Con- 
tact between the two spirals is made through an adjustable 
clamp; by altering the position of this up and down the 
straight portions of the resistance (just underneath the sup- 
porting plate), a certain amount of alteration in the speed of 
the meter can be made. The magnets are also adjustable. 







A better view of the armature is seen in Fig. 45, which 
shows how the three Hat, fine wire coils are laid on the partially 
cutaway aluminium disc and held in position by threads at 
intervals. The three-part commutator, to which the ends of 
the coils arc attached, is just above the disc. The diameter of 
the disc is 3Jin. and the thickness of the disc and coils 50 mils. 
The diameter of the commutator is 0-11 in., and the weight of 
the whole moving system 2+ grammes. From tests made, the 
mean torque at full load appears to be about 48 gramme-cm. 
In common with other ampere-hour meters having shunted 
armatures, the speed is high, being 9,000 revs, per Board of 
Trade unit, or 300 revs, per min. at full load. Each brush 
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consists of two extremely thin strip* of silver, clamped at one 
end to the stout brass supporting rod (Fig. 44), the other end* 
of the strips being held by a fine steel wire which is damped 
to the same rod by the second clump. By this means the strips 
ire caused to bear on a small arc of the commutator. Good 
contact is obtained in this manner, but at the expense of 
slightly increased friction. The meter is a very small one, the 
diameter of the back casting being only 4jin., which would tic 
advantageous in cramped situations. 



Fiij. 45.— ojuuxubi and Eiiaks Disc of Eclipse Tut C.K, Meter. 

The Electrical Oo.'s Continuous current Meters.— This com- 
pany's type K.A. meter is an ampere-hour meter, and consists 
ofamotor the field of which is supplied by a large permanent 
magnet. A three-coil armature is connected by its commutator 
and very light brushes to the terminals of a strip or wire, and 
thus a small fraction of the main current passes through the 
armature, the greater part going through the strip, the ends of 
which are connected to the main terminals. The armature coils 
are former wound, and are laid on the outside of an aluminium 
cylinder. The cylinder, passing through the field of the mag- 
net, acts as a Foucault brake. The drop in the main strip or 
wire is directly proportional to the current passing, and thus 
the P.D. at the armature terminals is proportional to the main 
current. 

Fig. 46 illustrates this meter with its cover removed. The 
magnet, as will be seen, is of the horse-shoe pattern, having 
large pole-pieces bored out to take the armature. In order to 
make the air-gap as small as possible, an iron core is fixed in 



I 



60 ELECTRICITY METERS. en. m. 

the gap, bo that the latter is reduced considerably, and only a 
small clearance is left between the core and the pole-pieces to 
allow the cylinder to rotate freely. A hole in the centre 
of this core allows the spindle to pass down to the footstep. 
The pole-pieces form a support for the brush bracket and top 
bearing, and a worm near the lower end of the spindle works 
the counting train, which is of the cyclometer pattern, as on all 
the meters of this make, 







The speed is adjusted by altering the resistance of the wire 
forming the main circuit by shifting the position of the clatnp, 
consequently altering the pressure across the armature. There 
is no compensation for mechanical friction, which is kept as 
low as possible. The weight of the armature and spindle is 
113 grammes. The speed is high (200 revs, per roin. at full 
load), and the full-load torque is also large (16 gramme-cm.) ; 
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thus mechanical friction does not affect the curve except at 
extremely low loads. The starting current is therefore very 
k, and the meters will start on T & n th of full load. The 
full-Load drop is high ; the makers give it as 1 volt for all sizes. 
It depends upon the adjustment to a certain extent, however, 
ind has been found to be as much as 1-4 roll on a 5-amporc 
meter. The bottom bearing is a jewel, the spindle resting 
ball as described in connection with the alternating 
current meter of the same make. A clamping gear is provided 
to prevent damage during transport, and it worked with a 
screwdriver through a hole in the case. 




Fie. *7. — Tns Ei.ectiul 



The meters are made up to a capacity of 50 amperes. The 
watt loss at full load on a 50-ampere meter is 50 watts, a very 
high figure, being 1 per cent, of the transmitted power on a 
100- volt supply. 

This meter is also made as shown in Fig. 47 with an adjust- 
ment enabling it to read Board of Trade units at varying 
ages. Two ranges are provided — viz,, 100 to 125 volts 



62 



ELECTRICITY METERS. 



ch. m. 



and 200 to 250 volts. The adjustment is easily made by 
inserting a screwdriver through a hole in the cover just in 
front of the slot on the pinion (set Fig. 47). This pinion is 
turned until the pointer on the circular dial points to the 
desired voltage. The hole in the case is then closed by means 
of a small brass cap, which can be sealed. 

The K.G. type meter of the same make is of the oscillating 
type, and is finished in the usual good style. It is a watt-hour 
meter, and consists of a fixed main coil (H, Fig. 48), in front 




Fig. 48. — Diagram of the Electrical Company's K.G. Meter. 



of which a vertical spindle, carrying a small shunt coil, S, and 
an arm, K, is capable of oscillating, the distance being made 
definite by the arm K swinging against the two contact stops 
Ki, K 2 . 

The shunt circuit is somewhat complicated, and comprises 
two parts ; the one is the shunt coil, and the other a relay 
which reverses the current in the shunt coil and works the 
counting mechanism. In Fig. 48, M^ M 3 are the relay magnets 
which attract the relay armature R; this armature is alter- 
nately pulled towards Mi and M 2 , making electrical contact 
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respectively with the contact pins C„C r By mean* of a 
ratchet gear, R also works the toothed wheel W, which is the 
first wheel of the counting gear. The contact arm K alter- 
nately strikes the contact pins K„ K„ and in doing so short- 
tircuits Mi or M,. When Mi is short-circuited, M, pulls If 
over, and, owing to it being so much nearer M„ it remains 
over antil M„ is short-circuited, when it returns to M,. Thus 
each time K touches K, or K, the direction of the current in 
S is reversed by K making contact at C, or &. It will be 
noticed that the shunt current is never actually broken, as the 
contact points only short-circuit parte of the circuit) the 



Sui ting Coil 




Fro, 19.— Connections en Thb Elbctbical Company's K.G. Meter. 

changes are thus effected without sparking, and, consequently, 
the contacts should remain in good condition for a considerable 
time. 

The actual connections, as arranged in the meter, are shown 
in Fig. 49. The meter is provided with the usual Foucuult 
brake, as seen at the top in Fig. 50. The magnet is not 
movable, so that adjustment at high load must be made by 
altering the length of path of the oscillating member, the 
speed being increased by shortening the path. For this pur- 
pose the contact pins are screwed. 
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A compounding coii ia provided, being supported on 
slotted brass strip, seen to the right in Fig. 50. The couni" 
train, which is of the cyclometer pattern common to other 
meters of this make, is in this case not worked by the main 
moving part ; consequently any irregularity in its friction will 
not affect the accuracy — except by jamming and thus prevent- 
ing the action of the relay, in which case the meter would stop 
altogether. 




The speed of these meters is low (about 80 single oscillations 
in 100 seconds at full load), the travel of the contact arm being 
only through a small angle. The moving portion, therefore, 
should be very accurately balancocl and the meter installed 
plumb, otherwise the oscillation in one direction would take a 
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much longer time than in the oUw, making the meter alow at 
low loads and increasing the storting current. 

The object of the oscillating meter is to provide a continuum 
current watt-hour meter not having a commutator or other 
rubbing parts, and so reducing the friction. The current is 
carried to the moving coil by two very small spiral* of fine 




wire. The length of these wires is great, so that their torsional 
effect is negligible. The angle through which the moving coil 
oscillates being small, no practical difference is discernible in 
the torque, which is very low. The full-load torque of a 200- 
volt 10-ampere meter of this type was found to be just under 
1 gramme-cm. The only friction is the top and bottom bearing 
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friction, but a damaged jewel would, owing to the lowness of 
the torque, have a large effect on the accuracy of the meter. 

The Electrical Co.'s " S." type meter is a modification of the 
KG. meter just described, and is intended for switchboard and 
heavy power circuits. Fig. 51 illustrates the switchboard type, 
from which it will be seen that the meter is astatic. The main 
and moving coils are doubled, so as to be unaffected by stray 
fields. A particular advantage possessed by this meter is that 
its registering gear is not contained in the meter case proper, 
the relay and dials being enclosed in a small case, the two 
portions requiring only to be electrically connected by the five 
small wires. These are supplied with the meters in the shape 
of a flexible cable ; thus it is possible to have the recording 
gear on the switchboard, where it takes up very little room 
(the case being about 8£in. in diameter), while the meter 
proper is erected at any convenient point up to 100ft. or 200ft. 
away. This type is made in sizes of from 300 amperes to 1,500 
amperes for various pressures. 

TheFerranti Continuous-current Meter.— This meter, which 
was first brought out several years ago, has been improved from 
time to time, and in its present form is seen in section in Fig. 52. 
Its action depends on the principle that if a mass of mercury 
has a current passed through it from its centre to its circum- 
ference, or in the reverse direction, and is in the field of a 
magnet, so that the lines of force are at right angles to the 
direction of the current, the mercury will revolve at a speed 
proportional to the current and to the field. Thus, if the same 
current which flows through the mercury excites the field, the 
speed may be proportional to the square of the current. The 
fluid friction of the mercury against the sides of the vessel 
which contains it increasing nearly as the square of the velocity, 
the resultant speed is practically proportional to the current. 
The meter is really a small series motor consuming a very 
little power. In Fig. 52 T+ and T— are respectively the 
positive and negative terminals. From T + the current passes 
up through the steel pole SP and into the mercury bath MB 
at its centre, C, through the mercury to the circumference, 
where it leaves by the circular iron ring IR to enter the coil 
CG, leaving by the negative terminal T - . The magnetic 
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circuit is closed, except at the gap, which forms the mercury 
bath. The iron at the top and bottom of the gap is insu- 
lated by vulcanised fibre. A very light fan, F, having four 
blades immersed in the mercury, transmits the motion of 
the mercury by means of the worm W on its spindle 
to the wheel train. As the speed of the mercury cannot be 
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predetermined, in order to make the meter direct-reading in 
Board of Trade units the train is divided into two portions — 
tbe fixed portion and the adjustable portion, the latter (called 
the swing train, ST) being fixed on the back of the former. 
The swing train has two adjustments. One allows the worm 
and worm-wheel to be brought into exact gear, which is effected 
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by means of the swing plate P. The second adjustment allows 
the swing train to be turned round the centre of its first wheel 
to permit of pinions and wheels of different ratios being 
inserted, in order that the front dial hands may read Board of 
Trade units without having to be multiplied by a constant. A 
substantial cast-iron case encloses the meter, the live portion 
being insulated from the case by a pressphan washer, PW, on 
the top, and by an insulating block between it and the bottom 
of the case. In the older type meters a rush of current, such 
as would occur on a short-circuit, over-magnetised the steel 
pole, thus causing the meter to over-register for some time 
afterwards. To avoid this a soft iron sleeve, S, has been put 
over the steel pole, forming a shorter return path than through 
the mercury bath. 

After short-circuiting a 5-ampere meter through a 20-ampere 
fuse on a 100- volt supply, the Author has found a difference in 
the constant of 0*4 per cent, showing that no appreciable 
alteration is caused by an abnormal short-circuit. A certain 
amount of residual magnetism left in the steel pole enables the 
meter to start on very low currents, and causes the meter to 
read rather higher on descending than on ascending loads. 

The spindle with its fan is extremely light, probably the 
lightest main moving part of any meter ; moreover, it tends to 
float partially in the mercury, thus wear of the jewel must be 
practically nil. 

The full-load torque of a 5 ampere 100-volt meter was 
found to be about 2 gramme- cm. and the full-load drop 1*5 
volts. It seems a pity that no means is provided for closing 
the chamber containing the mercury during transport, as this 
would avoid the necessity of carrying the meter upright, to 
encourage which a handle is provided. One can never be 
sure that the meter is kept in an upright position on its 
journey from the test room to the consumer's premises, and 
upon this depends its accuracy. Another objection might be 
made to the variable speeds of different meters, which renders 
tests in situ rather more complicated, as does the fact that the 
quick moving parts are at the back of the meter. The numbers 
on the lable attached to the top corner (at the back) of each 
train are the voltage for which the meter has been calibrated 
and the ratio of the change wheel and pinion. 
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The Hnr Typo Famnti Oontinnou-ctirTSBt MoUr. — The 
new meter (1905) which has just been brought out by Meura. 
Ferranti is another addition to the mercury -motor type uf 




meters. It differs from the older 
meter just described considerably, 
the main current being passed 
through an armature instead of 
through the mercury only, and 
this armature cuts the fields of 
permanent magnets. Fig. 53 shows 
the front elevation with cover re- 
moved, side elevation and plan, 
the case being in section in these 
(wo views. By reference to tbie 
figure it will be seen that the design is a great improvement on 
the other type in several ways. The terminal box is at the 
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top, the terminal screws coming out towards the front, the 
screw heads being easy of access. One of the greatest im- 
provements is the mercury chamber sealing gear, which is 
worked by simply turning the screw K in the terminal box. 
This screw, if turned in a clockwise direction, closes up the 
mercury chamber, and the meter may then be carried about 
without fear of the mercury being spilled. The connections 
are seen in Fig. 54 in which the mercury bath MB is 
shown in section. The 
bath is formed by the 
two nickel- plated brass 
plates BP— which are in- 
sulated from the mercury 
by fibre insulators, FI — 
and the fibre ring FB. 
The plates with the fibre 
ring between them are 
bolted together by nine 
brass bolts, B, which are 
also nickel- plated. The 
mercury is poured into the 
chamber through a hole in 
MH (Fig. 53), this hole 
being closed by the inser- 
tion of a screw. 

The armature CD, 
which at the same time 
serves the purpose of brake 
disc, consists of a circular 
disc of copper, platinum- 
plated except at its edge and centra, where it is amalga- 
mated. The disc is mounted on the steel spindle S, which 
runs on a jewel, J (Fig. 54). This jewel is easily removed 
for inspection. The tendency of the armature to float is 
just balanced by a weight, W, fixed on the spindle, and the 
balance of the moving portion is adjusted by the nuts N 
(Kg. 53). 

There are two pairs of pole pieces, one for each of the 
permanent magnets PM. The two top poles and the two 
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bottom poles are bridged across respectively by the iron bridge 
pieces IjBa and I^. 

The current to be measured passes from the jKmitivc 
terminal through the contact (i x in the fibre ring, through the 
mercury to the edge of the disc. Leaving the dim! at it* 
centre, it flows to the contact C* round the few turns on 
the bridge piece to the negative terminal. The poles SI> 
provide the driving flux, which, acting on the current in 
the disc, produces the necessary driving torque. The brake 
torque is produced by the fluxes of both magnets acting on 
the eddy currents in the disc produced by the rotation. The 
driving force being proportional to the current and the brake 
force proportional to the speed, the speed would be propor- 
tional to the current if it were not for the fluid friction due to 
the mercury and the solid friction of the counting train and 
bearings. The latter is very small, and the former, which 
becomes more important as the speed increases, is compensated 
for by means of the compensation coil CC. The flux produced 
by the main current through this coil is shown by the arrows 
CF. This flux, therefore, increases the flux in the right and 
decreases that in the left-hand mercury gaps, and, since the 
flux in the one is increased by the same amount as that in the 
other is decreased, the magnetic brake force is unaltered by 
the current in the coil CC, whilst the driving flux is increased 
as the current in the coil becomes larger, so compensating for 

the fluid friction. In this way the curve can be obtained 
within 2 per cent, at all loads between one-tenth and full load. 
The main spindle has a worm cut on its upper end which gears 
with the worm wheel WW (Fig. 54), and drives the wheel 
train. By the insertion of suitable change wheels the dials 
are made to indicate B.T. units without the use of a constant. 
An adjustment of 5 per cent, can also be effected by means of 
a variable resistance, VR, connected as a shunt across the 
poles of the meter. The steps of this resistance are so propor- 
tioned as to allow 0, 1, 2, 3, 4 or 5 per cent, of the current to 
be shunted from the armature, thus reducing the speed by 
these amounts. 

The meter has a very small drop, that of a 5- ampere meter 
being 0*18 volts. The starting current of a meter of this size 
is stated to be 06 amperes. The meter being provided with 
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a j^ths dial and a revolving disc by which ,,',„ths of a unit can 
be read, a test can be made in ;i short time by a dial reading. 

The Hookham Meter. — The Hookham meter for continuous- 
current supply cot'iahis of a motor in which the main current 
is lead into an armature by means of mercury, the armature 



being immersed and partially floated in this liquid. Fig. 55 
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is a sectional drawing showing the principal portions of the 
meter known as the 1897 type. A permanent magnet, AAA, 
which consists of a bent bar of tungsten steel, provides the 
magnetic field for the motor and also the brake. The ends of 
this magnet rest on two soft iron pieces, BB, which are 
separated from each other by a brass piece, C. The lines of 
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force here divide, some flowing up through EE and the bridge 
piece G, forming the brake field in which the brake disc O 
rotates, and others down through the armature N to the bridge 
piece DD and up at the other side, thus passing through X 
twice, cutting it in the opposite sense. 

The current is led to the mercury by the copper strips 
KK (the mercury being insulated from the sides of the 
chamber except at the ends of K). It then passes through the 
armature N, which is slit radially for about one-third of its 
diameter, being left solid at the centre. The object of the 
slits is to cause the current to flow diametrically across the 
disc in the magnetic field, the pole-piece3 each embracing 
about one-third of the periphery of the disc. 

If friction, other than the magnetic friction due to the 
brake, were negligible, the speed would be exactly proportional 
to the current, and the curve would be a straight line ; but the 
meter possesses fluid friction, due to the mercury, in addition 
to the solid friction, due to the wheel train and bearings of the 
armature spindle. The fluid friction is proportional to the 
square of the velocity at slow speeds, but, increasing more 
rapidly as the speed increases, a compensation has to be intro- 
duced to eliminate errors due to this. This compensation is 
effected by the two or three turns H placed round the bridge 
piece G, which tend to reduce the brake field as the current 
increases. Should a meter be found to register low at high 
loads only, either the turns of H may be increased or the 
bridge piece G may be brought into closer magnetic contact 
with the cross bars on which it is fixed in cases where a slight 
gap has been left (filled with vulcanised fibre or other non- 
magnetic washers). 

The curve can be raised or lowered slightly by raising or 
lowering the plate Y, thus increasing or reducing the brake air- 
gap. The iron bridge piece D can also be turned through a 
small angle by loosening the square lock-nut underneath W. 
The meters are, however, fitted with change wheels of various 
ratios, instead of being calibrated to a fixed speed, and con- 
sequently all meters of a size do not run at the same speed for 
a given load, a point which renders testing (especially testing 
in situ) somewhat more complicated. Moreover, great care 
must be taken to ascertain that the given constant is correct, 
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either by an accurate dial run or by counting the teeth on the 
change wheels. 

A clamping gear is provided, consisting of a rubber waBher, 
which, on being released by unscrewing the small milled nut 
in the front (not shown in Fig, 55), rises up underneath the 
disc and closes the mercury chamber. This arrangement has 
been found to be not altogether satisfactory. The rubber 
washer is liable to stick to the disc when undamped, and also 
perishes aftora time. This meter, in common with all other 
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meters which contain a liquid in an open chamber, is liable to 
be entirely altered if any of the liquid be spilled in its journey 
from the test room to the consumer's premises. In sizes above 
100 amperes the meters are provided with shunts for carrying 
the greater part of the current, only a definite fraction passing 
through the meter itself. In such sizes the meter is either 
placed on top of the shunt, as in Fig. 5<j, or for switchboard 
use it may be mechanically separated from its shunt. 
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The torque of motor meters containing mercury cannot be 
measured with accuracy owing to the impossibility of effec- 
tually preventing the mercury rotating. When the disc is held 
up the mercury will rotate, and the friction against the hold-up 
disc will create a torque tending to drag the disc round with 
the mercury, so that results obtained will be in excess of the 
torque. This important factor will also be somewhat different 
in different samples. The following results were, however, 
obtained on meters of different sizes : — 

«. Full load torque in 

gramme- centimetres . 

10 amperes 2*4 

25 „ 4-9 

50 „ 0-45 

The 1901 type of Hookham continuous-current meter is 
made in sizes up to 10 amperes capacity, and is the same in 
principle as the 1897 type meter, the arrangement being 
different with a view to reducing the price. In this type the 
armature and brake discs are replaced by a single cylindrical 
copper bell, A (Fig. 57), which is completely immersed in 
mercury in the annular chamber H. The permanent magnet 
MMM produces the field, and the current, led from the positive 
terminal, enters the mercury bath at G, passes down through 
A, and leaves the mercury bath by the screw F. Eddy currents 
are also produced in A, due to its rotation in the magnetic 
field ; thus the bell serves the double purpose of driving 
armature and brake disc. In the larger sizes the current on 
leaving F passes through the coil on the soft iron bridge 
piece V, which compensates the error caused at high speed, 
due to the fluid friction of the mercury. As will be seen, it 
forms a magnetic shunt to the field through the armature — 
i.e., that flowing between KL — weakening this field more and 
more as the current increases. This compensating device, 
therefore, reduces the Foucault brake force relatively to the 
driving force, but at the same time reduces the driving force 
and consequently the torque. Adjustment is made by altering 
the number of turns of the coil in circuit. 

Two balance weights, Q and R, are fixed to the main spindle 
to prevent the bell A from floating off the supporting pivot E. 
The mercury bath is covered by the ebonite piece P, to the 
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underneath of which is attached a soft rubber washer, W. 
When the meter is clamped for transport the balance weight 
Q is laised up against this washer and closes the mercury 
chamber. Only a portion of the clamping gear is shown in the 
figure— via., the two prongs S fixed to the shaft. The prongs 
are raised by turning the shaft, by means of a long cra.uk on 
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the front end of the lutLer, which comes down and terminates 
in a pointer just above the label on the base plate, indicating 
when the mercury bath is open or shut. The prongs engage 
with the balance weight R, thus raising the spindle and closing 
the mercury chamber. The torque of this meter is very low 
indeed ; from testa made by the Author it has been found to be 



. ■ 



CONTINUOUS-CURRENT METERS. 77 

as low as 0*35 gramme- cm. at full load on 3-am|>ere meters. 

The mechanical friction of the main moving portion, being 

partially floated as it is, must be small, but it seems from 

numerous tests made that the wheel train friction is large and 

variable. This, owing to the small torque, seems the cause of 

results differing from each other being obtained. The curve 

also depends considerably on the compensation. 
A plate screwed to the front of the meter enables the meter 

to be connected up to the circuit, and the un clam ping to be 

performed without breaking the seal on the main cover or door. 
The same remarks apply to measurements of the torque of 

this meter as to the 1897 type and, in fact, of all motor meters 

containing mercury. 

The Hookham Continuous-current Watt-hour Meter. — 
Fig. 58 illustrates the Hookham continuous current watt-hour 
meter brought out in 1904, chiefly for switchboard use. This 
meter is also a mercury motor meter, and although differing 
considerably in appearance from the ampere-hour meters made 
by Messrs. Chamberlain and Hookham, the only important 
difference is the addition of an electro-magnet capable of quick 
response to variations of voltage, which dispenses with the 
usual permanent magnet of the ampere-hour meter for supplying 
the driving field. 

In this meter, as in the 1897 ampere-hour meter pre- 
viously described, the armature and brake disc are quite 
distinct. The armature consists of a bell similar in shape to, 
but considerably larger than, that of the 1901 type ampere- 
hour meter. It is mounted near the lower end of the main 
spindle, and is immersed in the mercury bath. The brake disc 
consists of a flat circular disc of aluminium mounted higher up 
on the main spindle, and rotates between the poles of two 
permanent magnets. The arrangement of the parts is seen in 
the half -sectional elevation, Fig. 59, in which the main spindle 
A carries the brake disc B and driving disc C. Di, D are the 
two permanent magnets which supply the brake field, and E 
the electro-magnet, which is energised by a shunt current 
passed through the coil F, and which supplies the driving field. 
As will be seen the pole piece of E projects up into the mercury 
bath and into the driving cylinder C, in order that as many 
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]inee of force as possible may pass through this cylinder. The 
return path of these lines is through the air. The core of the 
electro -magnet is huilt up of a number of washers, E,, E ; , &c., 
with insulation between them, and is thus formed of a number 
of magnets whose lengths are short compared with their areas 
of cross'seetion. The damagBStiang efJecl of such a combina- 
tion is great, and consequently the strength of field is quickly 
altered with any change of current through the magnetising 







coil. The main current is led to and from the mercury bath 
by the leads (I, and passes through the vertical aide of the 
cylinder C, thus cutting the shunt field. The mercury chamber 
is bored out of a block of ebonite, II, and is covered by a metal 
cap. The meter is constructed to carry 60 amperes and in 
larger sizes is used in conjunction with a shunt. 

A measurement of tbe full-load torque of a 200 volt 50- 
ampere meter gavo the value as + , Ggr.-ctns., to obtain which 
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the meter has a high shunt loss. The shunt current of this 
meter was 0*1 amp., which means a shunt loss of 20 watte. 
The drop is low, being 015 volt at full load. The curve is a 
very good line. This meter was only 0-6 per cent, slow at 
H y.h of full load and started on -2 amp. 




Tie "OK" Continuous-current Ampere hour Meter. — The 
"O.K." meter, brought out some years ago by the British 
Thomson-Houston Co., has been improved from time to time, and 
is a very good little meter for circuits of from 1 to 15 amperes. 
It is somewhat similar in principle to the Electrical Company's 
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ampere-hour meter, the chief difference being that the arma- 
ture coils, instead of being laid on a metal cylinder, are, in 
the "O.K." meter, laid on a non-metallic one. The Foucault 
brake is, therefore, absent. Fig. 60 shows the latest type of 
this meter, and, as will be seen, the armature rotates between 
the poles of a strong inverted horseshoe magnet. The cylinder, 
on the outer surface of which the four armature coils are laid, 
is hollow, and, being fixed to the main spindle at the bottom 
only, allows a tube of iron to be placed inside it which reduces 

V». f,n_T„T PB T T t ™ m, O.K. Mma*. 




the air-gap. Enough clearance is left at either side to allow 
the armature to rotate without touching the magnet or this 
" keeper." The main spindle passes down through the centre 
of the tube, and the commutator is fixed on its lower end. The 
bottom of the spindle is polished and rests on a spring-seated 
jewel, whilst a worm on the upper end of the spindle works 
the wheel train. The brush gear is extremely neat : each 
brush is stamped out of a piece of silver and loosely slid on a 
small rod forming the brush support. The required tension 
is produced by a line spiral spring, one end of whieh is fixed 
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to the brush and the other to an adjustable clamp which grips 
the bottom of the brush-supporting rod. 

The main current passes through a short length of platinoid 

wire so chosen as to have a drop of about 0*5 volt at full-load. 

The armature is in parallel with this wire ; when a current 

flows the armature runs up to a definite speed, accelerating 

until the back E.M.F. nearly equals the E.M.F. supplied to the 

brushes due to the drop in the shunt. In this condition there 

is only just enough current taken by the armature at an 

extremely small voltage to overcome the static friction. 

The armature rotates at a very high speed (as high as 250 
revs, per min. at full load in some sizes), and thus friction, 
even at low loads, has very little effect. The torque also is so 
large, being about 28 gramme-cm. at full-load, that increase of 
friction seems to have very little effect except at the smallest 
loads. There being no compensation for friction the curve 
droops slightly at low loads. A difference of 2 to 2 \ per cent, has 
been found to be a usual figure between full and one-tenth loads. 
The moving system is heavy, weighing about 213 grammes. 

The meter is adjusted at high load by increasing or decreas- 
ing the pressure across the armature by shifting the little 
connector (seen to the right of Fig. 60) down or up the plati- 
noid shunt. The dials of these meters, as will be seen from 
the figure, are very bold and their value plainly marked. The 
three black dials indicate fractions, and 0001 of a Board of 
Trade unit is easily read, for the last dial is divided into a 
hundred parts. It is thus quite easy to get a very accurate 
test by a dial run in a few minutes. The meter is very useful 
as a testing instrument, for instance, for ascertaining the 
ampere-hours passed through other meters or apparatus during 
a long run, thus avoiding constant regulation of the current. 
The accuracy with which it can be read, together with the 
ease with which its constant can be checked during a run, 
render it very suitable for such work. 

The cover beds in a groove in the back fitted with felt and 
forms a dust-tight joint. A hole in the bottom of the cover 
allows the brush bracket, commutator and jewel screw to pro- 
ject below for easy inspection without breaking the main 
cover seals. A dome covers this gear up and is sealed up by 
the same seal as the terminal box cover. 
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The Beaaon Meter. — This meter, which is another example of 
the mercury type of motor meter, is chiefly made as a pre-pay ment 
meter. The action of the meter depends on the rotation of a. copper 
disc or armature immersed in a bath of mercury in a magnetic 
field. Fig. 61 is a front elevation of the meter out of its case, 
whilst Fig. 62 is a sectional view looking at the front half. In this 
meter there are two distinct magnetic fields. One is constant 
and practically closed, and consists of the two iron plates, A and 
B, joined together by hardened steel pillars, CC (which are 
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permanently magnetised), the soft-iron pole-pieces E l and E, 
and the soft-iron core D. This field has its greatest effect at 
low loads, causing the meter to start well. 

The second magnetic field is that generated by the main 
current passing through the coil K wound round the soft 
iron core D. This field also passes through the mercury 
hath and the plates A and B, which are separated by the 
large air-gap (the permanent magnets C being saturated). The 
open magnetic circuit has the advantage of doing away with 
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residual magnetism, and also enables the meter to be over- 
loaded without the curve being seriously altered. The surfaces 
of poles-piece E and E, are coated with insulating material 
between their edges and the top of their slant. 

The current passing from the positive terminal through the 
iron and steel parts enters the mercury bath at the centres of 
the pole pieces ; it then flows radially through the bath and 
disc (at right angles to the field) to die ring F, to which one 
end of the coil is soldered, and through the coil to the negative 
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terminal. Eddy currents generated in the same disc provide the 
necessary brake force. The field strengths are so proportioned 
that no adjustment of the curve is necessary, and the raising 
or lowering of it is done by the insertion in the wheel train of 
change wheels of different ratios in order that the reading may 
be Board of Trade units without using a constant. The 
change wheels may be replaced without taking off any other 
part of the wheel train, thus avoiding any chance of intro- 
ducing friction, when replacing, by leaving the worm and 
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worm-wheel too tight in gear. The disc and bath are made 
conical, and as the disc is open at the top of the cone there is 
little chance of air bubbles remaining under it and so inter- 
fering with the low-load results. The meter is open to the 
objection of all meters which contain mercury — namely, it 
entirely depends on what happens to it in its journey from the 
test room to the consumer's premises if sent out with its main 
cover sealed. The meter is also made with the permanent 
magnet field replaced by an electromagnetic field produced by 
a shunt coil connected between the two supply mains. With 
such meters it is necessary to exercise care in connecting them 
into circuit, as the shunt field may be connected up so as to 
act in opposition to the main field. The meters are internally 
connected up for the main terminals to be put on the positive 
main — i.e. , the positive main terminal to the " station " side 
of the positive main and the negative main terminal to the 
" house " side of the same main, the shunt terminal being con- 
nected to the negative main. If the meter is to be inserted 
in the negative main, the ends of the shunt winding must be 
reversed, as in this case the shunt terminal will be connected 
to the positive main of the supply. 

The constant marked on the back of the clockwork is either 
tho number of revolutions of the main spindle per ampere per 
minute or the revolutions of the main spindle for 1 Board of 
Trade units. The meter has a high torque for this class, with 
a rather high drop. From tests made on a 200-volt 5-ampere 
meter a dropof 1*55 volts and a full-load torque of 2*67 gramme- 
cm. were obtained. The static friction being very small, 
owing to the armature being almost floated in the mercury, 
and the wheel train well made, the constancy of the accuracy 
would probably depend more on the cleanliness of the mercury 
and the permanence of the magnets than on the increase of 
mechanical friction. 

The Wright Electrolytic Meter. — This meter is a successful 
example of the shunted type of electrolytic meter. The 
main current is passed through a platinoid resistance from the 
positive terminal D to the negative terminal E (Fig. 63), and 
the drop across this resistance is about 1 volt at full load. 
In parallel with this wire is an electrolytic cell contained in a 
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hermetically-sealed glass tube of special design, having a 
resistance, P, in series with it. The resistances of the two 
circuits are so proportioned as to allow about T,J ft th of the 
main current to pass through the cell. The sealed tube 
contains a saturated solution of mercurous nitrate and a 
quantity of pure mercury. The anode A is formed by a ring 
of mercury, the cathode C being a hollow cone of platinum 
fixed below the level of the anode. In the more recent meters 




the anode holder has been modified as in Fig. 64. The ring 
of mercury remains, but instead of lying in the channel formed 
by the glass vessel, it rests partly on the glass and partly on a 
cone of platinum gauze of a fine mesh. With the former type 
of holder there existed a danger of mercury being shaken over 
the edge of the anode holdor when the meter was subjected to 
a moderate amount of vibration. The deepening of the channel 
was a first step to remedying this defect, but the present 
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arrangement enables the meter to withstand excessive vibra- 
tion without causing any mercury to fall over. The cohesive 
force of the mercury prevents any falling through the mesh. 

On passing a current through the meter, the definite 
fraction which passes through the cell causes mercury to be 
deposited in small globules out of the solution on to the 
cathode. These globules fall off by gravity, and are caught by 
a glass funnel which forms the head of a narrow tube. The 
latter has a scale at its side graduated usually in 100 divisions, 
each corresponding to one Board of Trade unit; thus the 
amount of mercury deposited is taken as a measure of the 
energy passed through the meter, the pressure being assumed 
constant as in all ampere-hour meters. 

In the larger sizes of meter this tube is made in the form 
of a syphon, so that, on the level of the deposited mercury 
reaching the 100 mark, it automatically syphons over into 
the bottom of the vessel in which a second scale . is placed, 
each division of which corresponds to 100 units, or the 
contents of the syphon tube. This second scale, therefore, 
takes the place of a second dial in ordinary dial trains, and 
enables the meter to register up to 1,100 units, after which 
the record is lost and the meter requires re-setting to zero. 
This is done by tilting the tube about the hinged bracket by 
which it is supported at the top, thus allowing all the mercury 
to return to the reservoir F (Fig. 65), which automatically keeps 
the level of the mercury in the anode ring constant. As the 
mercury is precipitated from the liquid, so the weight of the 
latter is diminished, and in order to avoid the back E.M.F. due 
to difference in concentration of the electrolyte it is essential 
that the density of the liquid should be the same at all points 
between the electrodes. It is for this reason that the cathode 
is placed at a lower level than the anode, for then a circulation, 
shown by the lines in Figs. 65 and 66, is set up, the weakened 
liquid at the cathode rising and its place being taken by 
the replenished and heavier liquid near the anode. The 
back E.M.F., which is such an important objection in electro- 
lytic meters, especially of the shunted type, is extremely small 
in this cell, and does not exceed T^r^h °f a Y0 ^- A« tne 
drop at full load is about 1 volt, the error caused by the back 
E.M.F. would only be 1 per cent, at T foth of full load. 



CONTMUOVS-CURRBNT METERS. 



87 



In order that the ratio of the main resistance and the cell- 
circuit resistance may remain constant, it is necessary to com- 
pensate for temperature. This is done in the following manner : 
The electrolyte having a negative temperature coefficient, part 
o! the extra resistance placed in series with the cell is of 
copper. The required amount is calculated so that the curve 
connecting the combined resistance of cell and wire with tem- 
perature (within wide limits) is a straight line, which gives a 
constant value for the resistance between 5"C. and 30°C. The 
total resistance in the cell circuit is then made up to the 
amount required for depositing a chosen weight of mercury 




per Board of Trade unit passed through the meter ; the 
" making-up " resistance is of the same material as the main 
circuit, which is usually platinoid. Final calibration is effected 
by sliding the main resistance up or down in the terminals, 
about Jin. making a difference of 1 per cent. These terminals 
should be sealed after final adjustment is made, as the case has 
to be opened each time the meter is set to zero. 

Fig. 67 illustrates this meter with the single tube (sizes 2J 
to 5-ampere), whilst Fig. 68 shows the larger meter in which 
the syphon tube with its scale is seen above the second tube 
with its hundreds scale. 
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Figs. 67 and 68 are illustrations of the gauze type meters, 
and, as will bo seen, the meters are suspended in their cases 
by (our spiral springs. A fifth and weaker spring, terminating 
in the ring seen underneath the scale, holds tlie meter in its 




A 




working position when the ring is passed under the hook fixed 
near the bottom of the case. 

For three-wire installations, where these consist of two dis- 
tinct two-wire (.-iraiits brought down to the meter, the main 
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f the meter is divided into two exactly equal parte, 
the electrolytic cell, with its extra resistance bobbin, being con- 
nected to its ends as in two-wire meters. The meter is inserted 
at the point where the neutral is split, as in Fig. 60, and will 
give a correct indication of the total Board of Trade units on 
circuits of constant voltage. For if It, and It. are the resie- 
lances of the two halves of the meter main circuit in which 
the currents C, and C a flow, the l'.D. across Ri + Ej=V, and 
V=C 1 E, + C 1 R 2 ; and, as E,=R,=R, V=R(C, + C I ). Thus 
the current through the electrolytic cell will bo proportional 




to the sum of the two currents. It is, however, essential that 
the wiring be split up into two independent circuits on the 
"house" side of the meter. 

Amongst the few objections to this meter may be mentioned 
the difficulty of ascertaining its accuracy on account of the 
time it takes to pass even the full-load current to produce a 
reading sufficiently large to eliminate errors in readings. The 
syphoning point also requires testing to ascertain that the 
syphoning takes place when the mercury reaches the top mark 
on the scale. It is possible to shake morenry into the syphon- 
ing tube to a reading of about 90 and start this test from that 
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point, carrying it on over the syphoning point until a fair 
reading is obtained. A little sleight of hand is necessary for 
this operation in the case of the gauze type meters. The 
wiping out of all record on resetting to zero may lead to 
disputes, as may also the loss of the final reading on removing 
the meter from the consumer's premises before it has been 
checked by the testing department. If connected up in the 
wrong way the outer glass tube is very liable to crack, when 
the meter becomes useless until refitted with a new tube and 
contents. 



CHAPTER IV. 



METERS SUITABLE FOR BOTH ALTERNATING AND 

CONTINUOUS QUERENT. 

With but few exceptions, such as the Aron and the Mordey- 
Fricker, all meters suitable for working on both alternating 
and continuous-current circuits are motor meters, having a 
wound armature with a commutator and brushes connected 
through a high and practically inductionless resistance across 
the supply mains, the armature being placed in a field pro- 
duced by the main current passing through a fixed coil or 
coils. Two fields are therefore produced : one, by the arma- 
ture, proportional to the current through it, which is again 
proportional to the supply voltage, and the other proportional 
to the current in the field coils, which is the current supplied to 
the lamps, &c. 

The brushe3 are placed on the commutator at such an angle 
that the armature field is approximately at right angles to the 
main-current field, with the result that a torque is produced 
tending to bring the coils into the same plane. The com- 
mutation causing the fields to be permanently at the same 
angle, the torque remains, and the armature rotates so long as 
there is current flowing through the main coils. A metal disc 
attached to the same spindle as the armature rotating between 
the poles of permanent magnets usually provides the necessary 
retarding torque for the production of a speed proportional to 
the watts transmitted, if mechanical friction be so small as to 
be negligible. 

The mechanical friction, which is relatively high in this type 
of meter, although kept as low as possible, would not be 
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negligible at low loads. It is therefore compensated for by 
passing a small current through a compounding coil placed in 
the same plane as the field coils, thus producing a permanent 
field which would, if strong enough, overcome all mechanical 
friction. In practice this device is open to objections. The 
compensation cannot be complete, as the mechanical friction 
depends to a large extent upon the external vibration, such 
as that due to street traffic or other causes. A meter com- 
pensated in a situation where there is no vibration would run, 
due to the compensation torque, when installed where vibration 
existed. It is evident that such troubles become less in meters 
having a high driving torque, for in these it is unnecessary to 
compensate so completely to obtain the same accuracy at low 
loads. 







Fig. 70. 

The accuracy with which meters of this type register on 
alternating or continuous-current circuits without special cali- 
bration depends on the self-induction and capacity of the shunt 
or armature circuit. The armature will have self-induction, 
and, consequently, requires a high resistance in series with it, 
so that the ratio of resistance to self-induction of the combina- 
tion may be largo ; otherwise the meter will under-register on 
alternating-current circuits of unity power factor when cali- 
brated on continuous current. If, in Fig. 70, V represents the 
curve of current in the shunt-winding, if in phase with the 
voltage, and C x the main current curve (on a smaller scale) 
in phase with V, so that the power factor is unity, then 
the curve Si would represent the curve of current in the meter 
shunt or armature circuit, if it were lagging by a small angle, 
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a, behind the voltage owing to the self-induction of the arma- 
ture circuit. The current in this circuit will also be roducod 
in the ratio of the resistance to the impedance ; consequently the 
torque, and therefore the speed, will be lower than it should be. 
When the current in the main lags by the same amount as the 
current in the shunt the speed will be correct. If the angle of lag 
of the main current is greater than that of the shunt current, 
as shown by the current curve C 2 , which lags by an angle, 0, 
behind the voltage curve, the speed will be high and the 
meter will over-register, its error becoming greater as the 
power factor of the circuit becomes lower. The meter would 
stillregister when 0=9Odeg., that is, when the power factor=0, 
for the angle of lag between the currents in the shunt and 
main circuits would be 6 - a =90 - a instead of 90deg. 

The non-inductive resistance which usually forms a great 
part of the shunt resistance may have sufficient capacity to 
have a preponderating influence over the self-induction of the 
circuit, in which cas9 the current in the shunt circuit would 
have a lead as shown in Fig. 70 by the curve S r . In this case 
the meter would still under-register on a circuit of unity 
power factor, for the shunt-current curve would be out of 
phase with the curve V, and the error would become greater 
the more the main current lagged. The meter would stop 
altogether when + /?=9Odeg., instead of when 0=9Odeg. 
Such a meter would rotate backwards, showing a negative con- 
sumption, when the angle of lag of the circuit became greater 
than 90 - /?. 

In practice a or ft is a very small angle, and, consequently, 
the error introduced either by the self-induction or the capa- 
city of the shunt circuit does not become very important in 
the measurement of the energy supplied to either non- 
inductive or inductive circuits of the power factors usually 
met with in practice, which are usually above # 5. Meters of 
this type should, however, be tested on alternating current if 
at all likely to be installed on such circuits, as defects may be 
overlooked if tested on continuous current which may make 
as much as 50 per cent, error on alternating current. Meters 
of the same type, but of different sizes, may have different 
errors on the two currents, and on inductive circuits. This is 
very likely to occur if the shunt current is not the same in all 
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sizes, for tho alteration of the shunt current would probably 
be produced by altering the amount of resistance in series 
with the armature without any alteration to the armature 
itself; consequently a change would be made in the shunt 
circuit which would produce different results in meters of 
different sizes of the same make owing to the alteration in the 
ratio of the resistance to the self-induction of the shunt circuit. 

The question as to whether the self-induction or the capacity 
of the shunt circuit will preponderate depends in some measure 
as to how the resistance in circuit with the armature is built 
up. The resistance will possess maximum capacity if the wire 
is wound double, in a manner similar to the bobbins of an 
ordinary resistance box or Wheatstone bridge. If, however, 
the resistance is wound in a number of sections on a card or 
flat piece of insulating material, it will possess smaller capacity 
the greater the number of sections into which the resistance is 
split up. It might, therefore, be possible, if the self-induction 
of the armature were not too large, to provide a resistance in 
which the capacity could be made to neutralise exactly the 
self-induction of the circuit by winding certain proportions of 
the resistance in the two ways mentioned above. If this were 
done to a nicety, a meter could be made accurate on extremely 
low power-factor loads. 

The driving torque should be uniform throughout the 
revolution, otherwise the starting current will be higher in 
some po3itions of the armature than in others. The speed also 
at low loads is enormously affected by an uneven driving torque, 
which is of little consequence at high loads. At high speeds 
the momentum of the moving part is sufficient to cause a prac- 
tically uniform speed for the complete revolution proportional 
to the mean of the different value3 of the torque, but as the 
load ia reduced the speed does not remain proportional to the 
mean value. During that portion of the revolution when the 
higher torque exists the speed will be higher than the normal, 
and it will be lower than the normal on that portion of the 
revolution during which the lower torque is operative. The 
armature in turning into the position of low torque slows 
up, and, consequently, takes longer time to turn through 
the same angle as when acted on by the high torque. The 
error introduced increases as the load decreases, becoming 
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infinite when the load is so small that the meter stops when 
in the low-torque position, although at this load the speed 
may be quite definite in the high-torque position. 

The Aron Meter. — The original form of Aron meter was an 
ampere-hour meter. Two hand-wound clocks, each provided 
with a long pendulum, were connected by means of a differential 
gear to a recording train in such a manner that the speed of the 
latter was proportional to the difference in the number of oscilla- 
tions of the two pendulums. The one pendulum was of brass, 
and oscillated always at normal speed, being acted on by the 
influence of gravity only ; whilst the other pendulum had a 
nwgnet at its end which oscillated over a coil through which 
the main current was passed, and, acting on the magnet, 
accelerated the pendulum. When no current was passing the 
two pendulums were synchronised so as to oscillate at the 
same speed. The accuracy of the meter depended to a very 
large extent on the normal speed of the two pendulums 
remaining constant. In the modern Aron meter, which is a 
watt-hour meter, much shorter pendulums are used, and each 
has a coil of very fine wire at its swinging end through which 
the *hunt current is passed. The main current is led through 
two fixed coils underneath the pendulum coils, accelerating 
one and retarding the other. The shortening of the pendulums, 
and both being influenced by the current, allows of greater 
sensitiveness owing to the production of a greater difference 
in the number of oscillations by a given current in a given 
time. 

Fig. 71 shows the Aron meter in a switchboard type case, 
and gives a good view of the internal arrangement of the 
meter. The main coils are fixed as seen, by brackets to 
the back of the meter. Above them the angle brackets 
which support the clockwork are also firmly screwed to 
the back. The clockwork is fixed on the bracket in such 
a position that the axes of the pendulum coils and the 
corresponding main coils are in the same vertical lines when 
the pendulums are at rest and the meter is level, as indicated 
by the plumb bob, which is fixed to the clockwork in front of 
the dial face. Behind the clockwork is the winding gear, 
which is also screwed on to the back of the meter. The 
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non-inductive resistance in series with the pendulums is wound 
on porcelain reels, seen in the top corners of Fig. 71. 

The clockwork, which is beautifully made, is very compli- 
cated, and consists of the following mechanisms : — 

1. Two trains transmitting the driving power from the main- 
spring to the pendulums and connected together by a differen- 
tial gear which actuates the counting train. 







2. Reversing gear for reversing the direction of rotation 
the recording hands when the direction of the current in the 
pei idulunf coils is reversed. 
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3. Mechanism for the quick reversal of the com mutator and 
reversing gear. 

The main-spring acts on the two penduhtm train* through 
a differential gear shown in fig. 72. The two vertical wheels 
are loose on the spindle and are in gear, one with the first 
wheel of one pendulum train and the other with the first 
wheel of the other pendulum train. The planet wheel, being 
free to revolve on its spindle, whilst transmitting the power 
to the two clock trains, does not interfere with their speeds, 
for when the speeds are not the same the planet wheel will 




rotate. A similar differential gear connects the counting 
train to the two clock trains ; in this ease the vertical wheels 
are driven in opposite directions, and the counting mechanism 
is driven by the horizontal spindle. When the speeds of the 
two clocks are the same, the planet wheel simply rotates with- 
out turning the horizontal spindle, hut, when the speeds are 
drllfient, the planet wheel runs round, its rate of revolving 
depending on the difference in speeds of the two pendulums. 
Between the horizontal spindle just referred to, and the first 
dial of the counting train, is the reversing gear, seen in Fig. 73, 
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in which the wheel on the left is rigidly fixed on the horizontal 
spindle of the differential gear, and the one on the right is the 
first wheel of the counting train. The two small wheels next 
to the left-hand wheel arc loose on spindles fixed to the plate. 
The other throe wheels, one above the other, are on spindles 
fixed to a bar whicli is rocked about the axis of the middle 
wheel of the three, and thus either the top or bottom wheel is 
thrown into gear according to the position of the bar. Tha 
travel of this rocking bar is controlled by stops which ensure 
the correct gearing of the rocking wheels. It wilt easily be 
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seen that by this device the direction of rotation of the wheels 
of the counting train is reversed. The mechanism which rocks 
the bar, and at the same time turns the commutator through 
half a, revolution, is seen at the top of Fig. 73. This ingenious 
device is also driven by the mainspring. In order to obtain a 
quick action of the reversing gear, a small spiral spring is 
gradually wound up and released every 10 minutes (11 minutes 
in the older meters), thus rotating the commutator half a revolu. 
tion, as also the crank (Fig. 73) which is fixed on the front end 
of the commutator spindle. Thus the direction of the current 
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in the pendulums is reversed exactly at the same time u the 
direction of rotation of the recording hands. 

The object of the above mechanism is to prevent any read- 
ing of the dials due to want of synchronism between the two 
pendulums when no main current is passing, which otherwise 
would take place. Any reading produced by this cause during 
one period of 10 minutes is wiped out during the next, but, on 
the other hand, any reading produced by the action of a cur- 
rent through the main coils is continuous during the complete 
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20-minute period. The main-spring and its winder arc illus- 
trated in Fig. 74. ■ The action of the winding gear is seen by 
referring to the diagrams (Figs. 75, 76 and 77). This consists 
of a. special form of motor, having an excited field magnet, M 
(Fige. 75 and 76), and a rotor, N, of Z-shaped iron stampings, 
which is rotated about a quarter of a revolution in a clockwise 
direction each time contact is made by the automatic switch 
E, which allows a small current to flow through the field 
magnet. The path of this current is shown by the dotted lines. 
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In Fig. 75 the mainspring S is seen in its normal position, and 
in Fig. 76 in its fully-wound state. The switch K being pivoted 
at D, has its upper end carried over by the pin X (against the 
pull exerted by the spiral spring 0, Fig. 75) as the mainspring 
uncoils. When passes across the centre of pivoting D, the 
silver plate Cp is quickly pulled by up against X, thus making 
the electrical contact. One end of the mainspring S being 
rigidly fixed to N, as shown, as S unwinds, N is turned anti- 
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Fig, 76.— Diagram of Winding Gear. Spring fully wound. 



clockwise ; consequently, on the making of the circuit N is at 
once attracted into the position shown in Fig. 76, thus rewind- 
ing the mainspring, and at the same time breaking the winding 
gear field circuit. 

The design of K not only secures a quick make-and-break, 
but also a rubbing contact. The power of the spring is trans- 
mitted to the driving spindle Z by means of the ratchet and 
pawls seen in Fig. 77. The rotor N is loose on Z, and the latter 
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is held by the pawl P during the brief interval during which 
the rotor is winding up the spring, whilst the pawl 1', fixed to 
the rotor, turns Z all the time the spring is unwinding. V. 
being connected by a coupling to the horizontal spindle of the 
differential gear previously described, the power of the spring 
is thus ingeniously transmitted to the clocks. 

The Aron meter is equally suitable for alternating and eon- 
tiiraous-current circuits, but owing to the magnet of the 
winding gear requiring different winding it is necessary to 
change the latter when a meter is changed from one supply 
to the other. The winding-gear magnet, moreover, requires 
different field coils for different periodicities where these differ 
considerably. 
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The connections for two-wire meters are shown in Fig. 78. 
For three-wire circuits one of the main coils is inserted in each 
outer, and a tee off the neutral is taken to a special terminal 
connected to the mid-point of the shunt resistance, as in 
Fig. 79. This gives the meter an advantage over other types 
of three-wire meters, as it enables it to take account of the 
pressure on each Bide, whereas in other cases the assumption is 
made that the pressure is equal on both arms of the three-wire 
system. The accuracy of the meter depends largely on its 
level, and consequently great care should be taken to metal 
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it absolutely plumb as indicated by the plumb bob. 
pendulums are self-starting when the pressure circuit is m 
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An objection to this meter is that if one pendulum stops 
any cause the reading is lost. 
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For measurement of the energy supplied to three-phase 
circuits the Aron meter is modified. For mesh circuits the 
meter is arranged as shown in Fig. 80, in which T represents 
the source of supply, ABC the currents flowing in the leads 
at any moment, a b c the currents consumed in the mesh system 
at the same moment, e l e^e t the P.D.s as shown at the same 
moment. (The main coils of the meter are also marked A 
and B and the pendulum coils e x e,). 

The work done at any moment in the mesh circuit is 

W^aei + be^ + ces (1) 

With three-phase currents 

^ + ^ + ^ = 0, 
c - b = A, 
and a - c = B ; 

and, by subtracting from (1) 

c(0! + gj + e 3 ) = 0, 
we get W = ae l + 6& 2 + ce s - cfa + e 2 + e 3 ) 

=» (ae l - cej + (be* - ce*) + (ce s - ce 3 ) 
^^(a- c) - e^c - b), 
and by the insertion of c-b = A and a-c = B, 

W = e x B - ^A. 

The Aron meter, further modified as in Fig. 81, is made for 
the measurement of energy to star-connected circuits with 
neutral or combined star and mesh connections whether the 
phases carry balanced or unbalanced loads. For suppose, in 
Fig. 81, %i i^ i 8 are the currents in the mesh connections, E! K 2 E 8 
the voltages of these, a b c the currents in the star connections, 
ABCD the currents in the leads and the neutral; then the 
watts at any moment in the combined connections 

Wssl^ + taEa + isEs + O^i + ^ + C^. . . . (1) 

Now E 1 = f 8 -g a , 

E 8 = e 2 - e lf 
and by inserting these values in (1) the following is obtained :— 

W -» ii(* 8 - * 2 ) + ia^ - e 8 ) + i 8 (e 2 - e{) + ae t + be 2 + ce n 
= e 1 (a + t a - i^) + e 2 (b + i 8 - i k ) + e 8 (c + ti - t a ). 
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Now A + ts-a-v=0, 

and, therefore, a + i, - ts » A, 

also 6 + t8-h = B, 

c + ^-i^C. 

Thus, by substituting these values in the above equation, 

W^A + eaB + eaC (2) 

Now «! + c a + e8 = 0. 

. • ' ^s a "" \^i "f" £»}• 

Thus W = ejA + «jB - («i + «,)C. 
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The pendulum coils of the meter, shown diagrammatically in 
Fig. 81, being suspended in a mid position between the main 
coils, each is affected by the coils on either side of it, and the 
current being sent through the middle coil C in the opposite 
way, the meter takes account of the minus sign of the term 
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The Duncan Meter. — So far as the Author is aware, this meter 
has not been introduced into this country. Its theory is similar 
to that of other commutator motor meters, in which fields of 
force arc set up at right angles to one another by the currents 
in the armature and in the fixed main coils, thus creating a 
torque proportional to the watts. The speed is controlled in 
the usual way by means of a disc running between the poles 
of two or more brake magnets. 

The back casting, from which is supported the series field 
coils, registering train, and magnet support, is made of cast 
aluminium, containing about 10 per cent, of nickel to increase 
its mechanical strength and at the same time keep down the 
weight. The two main coils are held firmly in position by 
brass clamps secured to mounting plates, all of which are held 
in position by the four forwardly projecting brass rods. The 
front main coil can be easily removed for inspecting the 
armature and commutator. To do this it is only necessary to 
unscrew the two brass clamps which hold the coil against the 
forward mounting plate, and disconnect the ends of the coil at 
the terminals (Fig. 82). 

The registering train, which is arranged to read in kilowatt 
hours, is mounted on a bracket, which is supported by the two 
upper of the brass supporting rods used for holding the main 
coils in position. 

The armature, which is fixed on a hollow steel spindle, is 
wound with 8,000 turns of copper wire 3*14 mils in diameter, 
and is seen in Fig. 82. The commutator is mounted on the 
spindle above the armature. The brushes are made from 
hard-drawn sheet phosphor bronze 8 mils thick, with silver 
contact pieces at their ends where they bear on the silver com- 
mutator. The phosphor bronze strips possess ample spring to 
ensure a delicate and reliable contact. 

A former type of this meter was fitted with brushes held 
on by gravity, but the " mechanical tension" arrangement 
has proved much more reliable, and therefore the gravity 
arrangement is no longer used. The brushes are mounted on 
a bracket of insulating material, which it is claimed does not 
warp under any changes of temperature. By the removal of 
two screws the brush bracket, with the brushes, can Jbe 
removed for inspection or cleaning. To ensure accuracy at 
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low-load, the mechanical friction is compensated for by a com- 
pounding coil which is made adjustable, so that the exact 
amount of compensation may be made in situ according to the 
amount of vibration oi the building in which the meter is 
installed. By this means '• creeping " and slow running at low 
loads can be avoided. In most meters of this class this 
adjustment- is usually made by altering the position of the 
compounding coil, bringing it farther away from, or nearer to, 
llic armature. The position of the coO in this meter is kept 




Fin. 82.— Duncan Meieb. 






constant, however. It is wound with 1,000 turns of fine wire, 
which are subdivided into 10 equal parts by bringing out leads 
to a small compensating switch fixed to the back support. 
The switch and compensating coil (which is fixed inBide the 
front main coil) are seen in Fig. 82. This compounding coil 
may he connected in series with the armature and the non- 
inductive resistance, in which case adjusting the coil slightly 
affects the value of the shunt current ; but, as the resistance of 
the compounding coil is kept as low as possible, the alteration 
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of the number of its segments in circuit does not make a 
greater difference than one-half of 1 per cent, in the shunt 
current, and, consequently, in the error of the meter. The 
compounding coil is made an independent shunt circuit when 
desired, in which case adjusting it does not affect the current 
in the armature. It is then made of high resistance material. 
The Duncan meter is provided with a very convenient form 
of jewel-bearing and pivot. The arrangement will be under- 
stood by reference to Fig. 83. In this sectional elevation, 1 
is the main spindle, 5 the aluminium brake disc, the hub, 2, of 
which is split, as shown at a, and clamped by the ring 3 and 




— Sectional View of Visual Bearing and Thbeadlebs Jewel 
Poor or Duncan Meter. 



screw i to the spindle in the required position, so that, when 
the jewel post 12 is lowered, b just rests on the top, 7, of the 
jewel-post support. The jewel 9 is mounted in 10, which is 
supported on a spring, 11, the whole being ineide the jewel 
post. This jewel post slides up into position and is not 
threaded, being held by a spring wire, 14, the latter resting 
in the groove e for working or in d when being carried. The 
support 7 is cut away at the side, as also is the collar 8, so that 
by turning the collar until the two holes meet, a view of the 
bearing is obtained. The pivot 6, which is held magnetically 
in the base of the spindle (the latter being magnetised for this 
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purpose), can bo taken out for inspection through this window, 
using a pair of smalt tweezers. The small meters are provided 
with Ceylon sapphire jewels, and the large sizes with diamond 
bearings. 

Eclipse Meters.— Types ll.Nl, N.K., A.R., and R.E. of this 
meter are suitable for working either on continuous or alter- 
uatiDg-current circuit* ; the last three types are similar except 
as to Bize. The B.N.R. and the N.R. are also very much alike, 
the chief difference being that the latter is provided with two 
main coils and two brake HUgttete, whereas the former has 
only one of each, thus reducing the drop across the meter, and 
also the torque, to half of what they would bo with two main 







coils. The B.N.R. meter is seen in Fig. 84 and the N.R. meter 
in Fig. 85. In Fig. 84 the one main coil iB seen to the left ; 
its ends are brought down to the two outer terminal blocks 
fixed on the insulating plate at the bottom of the meter for 
which a separate cover is provided. The bobbin to the right 
carries the non-inductive resistance which is in series with the 
armature. Part of this resistance is wound inductively and 
forms the compounding coil. The bobbin is supported on a 
bracket which is clamped, hy only one screw and nut, to an 
angle bracket fixed to the back casting ; it can, therefore, be 
moved towards or away from the armature within certain 
limits for the purpose of adjustment, the screw acting as a 
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hinge. The chief difference between these meters and others 
working on the same principle is in the design of the armature, 
which is of the open type instead of the usual drum type. 
Fig. 86 is a view of the moving system, consisting of main 
spindle, commutator, armature and brake disc. The armature 
consists of three coils interlaced as shown. This armature, as 
will be seen, is somewhat different in form to those illustrated 
in Figs. 84 and 85, but it is the usual form supplied. One end of 
each coil is connected to one bar of the three-part commutator, 
the other ends of the three coils are joined together. Fig. 87 is 




Via. 86. — Movino Systbi 



a diagram of the connections in which A, B, C represent the 
three coils and K the commutator. Owing to the small 
number of commutator segments in comparison with the 
number required for a drum armature — three instead of eight 
or more— a considerable reduction in the diameter of the com- 
mutator, and consequent reduction in brush friction, would be 
possible if it were not limited by the diameter of the spindle. 
The diameter of these commutators is 0'2in., as compared with 
0*25in. in the Thomson and 0-24in. in the Vulcan meters, which 
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have dnim armatures. The chances of breakdown due to short- 
circuit or to breakages of the fine wires leading to the com- 
mutator bars are considerably reduced, however, as only three 
wires are taken to the commutator, instead of 16 in the case 
of an eight-segment commutator with a drum- wound armature. 
This type of armature is also much lighter than the drum ; 
the torque, however, is variable for different positions in the 
revolution. The following figures were obtained according to 
the position of the armature : — 16*7, 14*2, 127 grammes at a 
constant distance (the radius of the spindle). The above 
figures were obtained on a 200- volt 5-ampere B.N.R. meter, 
the mean full load torque of which was 2 '6 gramme cm. The 
weight of the moving system is about 130 grammes. The 




Fig 87. — Diagram of Armature Connections op Eclipse Meter. 

drop on a meter of this size is 1*2 volts. The torque, however, 
varies in different sizes. The shunt current has a constant 
value of 002 ampere, but the ampere turns are varied, being 
595 in the 5-ampere size, 650 in the 10-ampere size, 1,000 in 
the 20-ampere size. The torque of a 20-ampere meter is about 
4*7 gramme-cm , the drop being 0*25 volt at full load. 

The above figures refer to meters of the B.N.R. type, and 
are about the same in the N.R. (or double coil) meters. From 
tests made on 50-ampere meters of this type, the mean full- 
load torque appears to be about 4*5 gramme-cm. and the drop 
0*12 volts. The shunt current is the same, viz., 002 ampere. 

Two types of brushes are used on these meters. In one, 
known as the "No. 1 type," two extremely thin strips of 
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silver are clamped to each of two stout circular brass rods, the 
latter being supported by the posts seen in Figs. 84 and 85 on 
the front of the iron plates. These posts are, of course, insu- 
lated from the iron plate. The thin silver strips are very 
flexible, and being clamped at their ends so as to stand out 
from the rods, they are pressed against the commutator upon 
which they bear on a small arc. These brushes cause more 
friction, therefore, than if they simply touched at a point, as 
they tend to drag, especially if the commutator gets slightly 
dirty. In practice they have been found to wear and break 
easily when a slight sparking takes place. The other, or 
" No. 2 type/' are far more satisfactory. The brush is stamped 
out of comparatively stout metal, and is hinged at the end of 
similar but shorter brass rods. Each brush at the commu- 
tator end is split so as to form two arms, and the arms arc 
twisted, so that contact with the commutator is made on the 
edge of the metal instead of on the flat. A very fine spiral 
spring supplies the necessary tension for keeping the brush 
against the commutator ; the required tension being obtained, 
as with the No. 1 type, by twisting slightly the supporting 
posts. The illustrations show the meters fitted with cyclo- 
meter dials, but they can be obtained with ordinary dials of 
a very bold form, which, in the Author's opinion, are much 
to be preferred, owing to the smaller and more constant 
friction which they introduce, and to their freedom from 
jamming. 

The brake magnets are placed in the position in which they 
are least affected by the field of the main coil — i.e., with their 
length at right angles to the field, but the meters are also pro- 
vided with magnetic screens between the coils and magnets to 
minimise the effect of short-circuits. 

Tests on continuous-current and 60 ^ and 100 r^ alternating- 
current show no difference in the constants. The meters are 
also remarkably good on inductive loads. 100-volt meters 
have been found to be about 0*8 per cent, faster and 200-volt 
meters 1*2 per cent, on loads the power-factor of which was 
0*5 (which is lower than would usually be found in practice) 
than on non-inductive loads. 

The B.N.R. meters are made in sizes from 2-5 to 20 amperes, 
and the N.R. type in sizes from 2*5 to 75 amperes. 
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The Mordey-Pricker Meter. — The Mordey-Fricker meter is 
one which stands uparl from oilier-!, being of a type rjuite distinct 
from any other meter. It is essentially a balance-wheel clock, 
the escapement being affected by the current to be metered in 
such a manner as to cause the clock to work at a speed pro- 
portional to the current. The meter is therefore an ampere- 




hour meter, but is provided with dials geared to the clock 
train, which indicate Board of Trade units at a given pressure. 
The clock is worked by two springs, which are hand-wound. 
A 100-volt four-ampere meter requires to be wound after 
80 B.T. units have been passed through it. Thus, if there is 
a daily consumption not exceeding 0'88 B.T.U., or full load 
for 2'2 hours per day, it would not be necessary to wind the 
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meter more than once a quartet, As the clock doee tint work 
until current is jiassed through the coils of tho meter, the 
springs are not unwinding continually. 

Figs. 88 and 89 are illustrations showing ■ melon of this 
make with cover removed, from which it will he seen that the 
ordinary balance spindle of tho dock in replaced by ;l longer 
one, carrying, in addition to the balanco wheel, a due situated 




a the field of two coils. In the figures the main spindle is 
shown supported by a tortionless silk thread attached to the 
spindle by a bent wire spring, thus relieving the jewel of the 
bulk of the weight. This method of suspension has, however, 
been discarded, and an ordinary upper bearing replaces the 
thread. The disc is of slate, and has a few pieces of iron wire 
let into grooves cut in its upper surface in such a direction that 
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CH. IV. 



the iron wires are at right angles to the planes of the coils when 
the disc is in the mid position of its oscillation. Fig. 90 gives an 
idea of the balance wheel spindle or main moving part of this 
meter. In this figure, A represents the top bearing, B the 
balance wheel, S the slate disc showing the grooves containing 
the iron wires, L the lever pin, and J the footstep jewel. 
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Fig. 90. —Sketch of Balance-wheel Spindle. 



The pallets are shaped so as to induce the disc not to stop 
in the midway position when at rest — that is to say, when no 
current is passing the disc is caused to remain stationary at 
one end of its beat. Upon this point depends the successful 
working of the meter. If from any cause, such as increased 
friction or the mainspring becoming weak, the disc stops in a 
midway position, the meter does not register when a current 
passes. 
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The principle of action is as follows : —When a current 

flows through the coils the iron wires embedded in the disc are 

acted on by the field of the coils, and they therefore try to 

take up a position parallel to this field. The momentum of 

the disc and the force exerted by the main spring through the 

pallets cause the disc to turn further, and thus the oscillation 

of the disc is kept up by the combined action of the clock and 

the force exerted on the iron in the disc by the field. When 

the current ceases to flow, the directive force acting on the 

iron in the disc ceases, and in consequence the disc remains 

stationary. As the force exerted by the field is altered by the 

strength of the current varying according to the load, so the 

period of oscillation is altered, the amplitude also becoming 

smaller as the field increases in strength. When, therefore, 

the current becomes strong enough, it overpowers the force 

exerted by the main spring, and the disc, being held up in the 

central position of its oscillation, the meter stops until the 

current is switched off. This, however, does not happen until 

the meter is considerably overloaded. 

The law of the meter would be a straight-line one if the 
amplitude of oscillation remained constant under varying loads, 
and if no extraneous accelerating force was derived from the 
main spring through the pallets. As a matter of fact, the ampli- 
tude is considerably shortened on the higher loads, and the 
impulse given in the middle of each swing by the action of the 
pallet constitutes an accelerating force independent of the 
load. These two disturbing elements tend to some extent to 
counteract each other — i.e., when the current is small and the 
amplitude wide the constant acceleration due to the pallet 
impulse is an important factor in maintaining the rate of oscil- 
lation, which would otherwise be too slow owing to the 
increased amplitude. On the other hand, at high loads the 
pallet impulse is negligible as compared to the strong magnetic 
force. 

In spite of these counterbalancing effects, a further control- 
ling device is necessary, as in practice there is a great tendency 
at very low loads for the amplitude to increase so much as to 
strike any fixed limiting stops or banking pins with sufficient 
force to cause a rebound, and so to set up an independent 
cumulative accelerating force. To avoid this the device shown 

i2 
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in plan in Fig. 91 is introduced. The movable stop plate A is 
pivoted at N to a portion of the clock-frame B, but as it lies 
on B it possesses friction when moved. S is the main spindle 
carrying the balance-wheel and slate disc. The plate A is 
capable of moving about N between the banking pins PI, P2. 
The pin P3 (see also Fig. 90) is rigidly fixed to the balance- 
wheel, and at the end of each oscillation strikes up against the 
plate A, the friction of which, as it slides on the clock-frame 
B, not only takes up any unexpended energy in the balance, 
obviating a cumulative rebound, but also serves to limit the 
angular excursion of the balance. 

When one lamp only is switched on, the directive force due 
to the main coils is very feeble, and the pallets tend to drive 
the oscillating portion too quickly. To prevent this the 
banking gear is modified as in Fig. 92, where similar lelteis 




Fig. 91. 

indicate the same parts as in Fig. 91. It will be seen that 
one side of the banking plate A is cut away so as to form a 
step. This plate, instead of being on the clockwork frame, is 
mounted on a brass bar D, which is pivoted at M and carries 
at its end the core C of a solenoid. 

The bar D is capable of moving between the stops P4 and 
P5, being held normally against P5 by a small spiral spring 
Sp. The main current passes through the solenoid, and the 
spiral spring Sp is so adjusted that it overcomes the pull on 
the core when the current taken by only one lamp passes 
through the coil; consequently for the first lamp switched on the 
travel of P3 is in the widened gap in the plate A. On two or 
more lamps being switched on, the core C is pulled into the 
solenoid, causing D to come up against P4 and shifting A 
towards P3, so that the banking takes place in the shorter gap. 
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The meters are now provided with an ordiuary counting 

train in place of the one shown in the illustrations. As one 

revolution of the dial hand is equivalent to 01 B.T.U., the 

meter can be easily tested by passing a steady current for 

sufficient time to obtain a reliable reading ; or the number of 

oscillations per unit can be obtained from the wheel ratios and 

short time tests taken by counting the beats. The meter 

requires calibrating for the circuit on which it is to run. There 

is also a slight addition to the continuous-current meter in the 

shape of a bar magnet, the flux of which opposes that due to 

the coils. 

For lamp loads the meter is only made in small sizes up to 
4 amperes. 
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Fig. 92. 



The mains enter through bushed holes in a separate chamber 
or terminal box, the lid of which is underneath and allows of 
separate sealing. 

The Schuckert Meter. — One of these meters is illustrated in 
Fig. 93. The armature is drum wound and situated in the 
field of two coils which carry the current to be metered. The 
meter is notable for its strong design and beautiful finish* 
The back is of aluminium and supports the main coils, which 
are circular, the high resistance in series with the armature, 
and a strong cast aluminium frame. The latter carries the 
counting train, brake magnets, and main spindle bearings. An 
iron screen is fixed between the brake magnets and main coils. 

The shunt current, after traversing the non-inductive resis- 
tance, which is wound on the porcelain bobbin seen at the top 
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left-hand corner (Fig. i)B), enters a compounding coil also seen 
in the figure, partly inside the left-hand main coil. This com- 
pounding coil is mounted on a threaded spindle, and can there- 
fore he shifted towards or away from the armature by small 
steps, and when finally clamped there is no chance of it alteiing 
its position. 

The brash gear of this meter is probably the most perfect of 
any meter. Each brush consists of 10 fine straight silver wires, 




8'3 mils in diameter, and about lin. long. These wires are 
soldered at one end to a small brass support projecting from a 
spindle which is delicately pivoted. The inner end of a 
phosphor-bronze spiral spring is fixed to the spindle, the outer 
end being soldered to the rigid support By this means the 
brush is pressed against the commutator at a very delicate and 
constant tension and at 10 points of contact. The main moving 
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portion is shown in Fig. 94. Above the corrugated brake disc 
& massive worm is clamped on the main spindle, which engages 
with the worm wheel. The armature consists of a number of 
coils, which, as will be seen, are not all the same shape, the 
outside ones being approximately circular whilst the under- 
neath ones are elliptical. Their ends arc led up and soldered 
to the 14- segment commutator just above. 

These meters are either provided with ordinary dials or, as 
shown in Fig. 03, with a special form (which is not of the usual 




Fio. 94. — Moving System of Schockert Meter. 



cyclometer pattern), indicating the units consumed in plain 
figures. The figures in this type of counting train change 
instantaneously, so avoiding any intermediate reading as is 
possible with cyclometer dials. The figures are on thin circular 
plates, which are mounted on spindles and lie alternately one 
behind the other close to the front plate, appearing to be all in 
the same plane. The " tenths " wheel travels evenly wheu driven, 
and during part of its revolution raises a weight which is held 
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by a loose sleeve on its spindle. When the weight is raised 
sufficiently its centre of gravity is shifted to the other side of 
the spindle, and, being free to fall, it does so quickly, turning a. 
circular disc rigidly fixed to it concentrically with the spindle- 
The one tooth with which this disc is provided near its periphery 
comes into gear, as the weight is falling, with one of 10 teeth oi*~ 
the next spindle, so turning the number circle one-tenth of ^ 
revolution and bringing another figure into view. These count- 
ing trains do not appear to be liable to jam, and the weight is 
heavy enough to work all the dials at once, with a little to 
spare. An objection is that they will not work backwards, so 
that if a meter was connected up wrongly no reading would be 
produced. When the weight is being lifted, the power required 
to drive the counting train is slightly increased, bub this has 
been found to make very little difference to the speed of the 
meter. At as low as three-fiftieths of full load the difference 
in the speed obtained between results taken during lifting 
and when the lifting is not being performed only amounted 
to 1 per cent., and would, of course, be less at higher loads. 
The shunt current is about 025 ampere and the main circuit 
loss about the normal. The full-load torque is low for this 
class of meter, being about 55 gramme cm. The torque is 
not constant throughout the revolution, probably owing to the 
different areas enclosed by the armature coils, and this affects 
the starting current and very low-load speeds. The weight of 
the moving system is about 250 grammes. A substantial cover, 
the rim of which beds on a velvet ribbon stuck on the back plate, 
makes a good dust-tight protection to the meter, and a separate 
cover fits over the terminals. The internal connections are 
such that they require both mains to be cut and taken into 
the meter, which means that they are what in other makes 
would be called " three- wire " meters. The very convenient 
clamping gear, which is operated by simply giving a screw two 
or three turns one way or the other, made definite by stops, is 
worked through a hole in the cover, the latter being closed by 
the terminal box. 

The Thomson Meter. — One of the oldest and most used meters 
is that due to Prof. Elihu Thomson. It consists of a motor 
without iron -the field being excited by the main current, a 
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shunt current passing through the armature— combined with 
a Foucault brake. Fig. O.i illustrates a rooter of this make, its 
cover nod one of the main coils having been removed to give a 
bettor view of the armature, oammutetOf -uni lnuslies. Tho 
roetor in here seen mounted on a testing Ihuid. Tlie armature 
consists of eight coils of fine silk-covered copper wire wound on 
light octagonal frame. Each coil has about nOO turns, and 
a roaistiince of about 320 ohms, giving ■ total resistance of 




3,060 ohms, or a resistance from brush to brush of approxi- 
mately 640 ohms, the armature being drum-wound. The wiring 
of this armature is shown in Fig. !)6, or developed in Fig. 97, from 
which it will be seen that the ends of the coils are connected to an 
eight-part commutator of small diameter (0- Join), the segments 
of which are of silver. The armature is fixed on the spindle 
the older types by two clamping screws in the centre. 
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These screws can be got at by means of a small wire driver 
between two of the coils. The later armature?, however, are 
clamped to the spindle by a split cone underneath the armature, 
which is threaded and clamped tight by a nut. 

The commutator is mounted on the vertical main spindle, 
immediately over the armature, and two brushes, supported 
by an insulated brush bracket, convey the current to and from 
the commutator. The brushes are made of thin straight 
springs, having small plates of silver soldered on their ends, 
where they make contact with the commutator segments. 




Fio. 96. — Winmim of Thomson Metbb Armature, 



The armature is connected in series with a non-induc- 
tive resistance (wound in sections on a card placed at the 
back of the meter), and a compounding coil across tho 
two supply mains, consequently the current in it is propor- 
tional to the pressure. The main current is passed through 
two stationary hollow main coils, placed on either side of 
the main spindle, so that the armature is in the field pro- 
duced by the current through them. A torque is therefore 
obtained proportional to the watts. A copper disc mounted on 
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the lower portion of the main spindle runs between the poles 
of two permanent magnets, and thus the necessary brake force 
is produced. A polished steel pivot is screwed into the 
bottom of the main spindle and rests on a spring- seated jewel. 
This spindle point is easily removed for repolishing by means 
of a key. The jewel-screw being removed, the key is inserted 
in the hole in the bell-nut. The top of the spindle is turned 
to a small diameter and runs in a brass bearing. Just below 
this bearing a worm is turned on the spindle which works the 
counting train. The mechanical friction due to bearings, brushes 
and wheel train is relatively large, but is kept as low as pos- 
sible. This friction is compensated for to a certain extent by 
creating a permanent field in the same direction as that due to 
the current in the main coils, by passing the shunt current 
through a compounding coil placed inside of the main coils. 




Fio. 97. — Winding of Thomson Meter Abiutc 



The compensation should not be complete, as the meter would 
then " creep," or register with no main current when installed 
where it would be subjected to slight vibration, such as that 
due to passing traffic. The compounding coil is wedged in the 
main coil, and a slight amount of adjustment can be made by 
altering its position. The amount of alteration which can be 
made in this way is about 4 per cont. at one-tenth load. The 
tension of the brushes has more effect, however, but it is 
not advisable to leave them on too light, otherwise sparking 
will take place, which soon increases the friction. The ten- 
sion should be such that on raising one half of a brush off the 
commutator the other half leaves the commutator when the 
first half is about t V n - away. Another important point is that 
each brush presses quite flat, and not on an edge, on the com- 
mutator. The successful working of this meter, and indeed of 
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all commutator meters, depends to a great extent on the careful 
adjustment of the brushes. 

Beneath the case proper a terminal box is fixed, shown in 
Fig. 95 with its cover removed. The mains are taken through 
holes in the bottom, opposite holes in the terminals. The ter- 
minal-box cover fits on the front of the box, and is held in 
position by a brass rod which ia slid through the holes in two 
lugs, one at each side of the terminal box. This rod has a 
email hole through it at one end, through which the sealing 
wire is passed. The other end of the rod ie enlarged to prevent 
it passing through the hole. 
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The meter is clamped or undamped by removing the jewel- 
screw and raising or lowering the bell-nut which screws into 

the base-plate of the meter. Raising this bell-nut (by means 
of a screwdriver of the right width) lift? the hub of the copper 
disc until its upper side comes in contact with the hollow stop- 
screw above it. The jewel-screw is then replaced, but not 
screwed home. The arrangement is shown in section in 
Fig. 98, where 1 ia the main spindle on which is clamped the 
hub 2 of the disc 3 ; 4 is the removable spindle point, 5 the 
mounted jewel raiting on spring 6 in jewel-screw 7, which 
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screws into the bell-nut 8, the latter screwing into the base- 
plate 9 of the meter. The hub 2, when raised by the bell- 
nut 8, comes up against the adjustable screw 10, which screws 
into the frame 12. This screw is correctly adjusted when the 
meter is assembled and locked by the nut 11. The screw 10 
should be low enough, or the top bearing high enough, to pre- 
vent the spindle being jammed up against the top bearing, as 
a risk is then run of bending the spindle at the worm. 

The terminal-box cover has a lug which covers up the hole 
in the meter base through which the clamping is performed. 

The meter possesses a very high torque; the full- load 
torque from numerous measurements appears to vary slightly 
in different meters, but is usually between 25 and 30 gramme- 
centimetres. The weight of the moving system is approxi- 
mately 300 grammes, being one of the heaviest in any meter, 
but the high torque obtained is greatly in ils favour. The 
friction being in a great measure compensated for, the ratio 
of torque to frictional counter-torque (that which is not com- 
pensated) is very high. The shunt current varies in different 
sizes slightly, being about 0*03 ampere in sizes under 50 am- 
pere capacity, and from 0*04 to 005 ampere in the larger 
sizes. 

The meter is adjusted by altering the position of the brake 
magnets, they causing maximum drag when near the rim of 
the disc, but with their poles completely covering it. They 
are clamped to the base by two screws, the screws passing 
through slotted holes to enable the magnets to be shifted. 
The low-load adjustment is made either by shifting the com- 
pounding coil, or by alteration of the friction by varying the 
tension of the brushes. If, however, the brushes are altered, 
it is advisable to test the meter again at full- load to make sure 
that no sparking takes place. 

The cover is not dust-tight, but veterinary vaseline placed 
round the join of cover and case makes a practically dust tight 
joint. 

The Thomson meter is equally suitable for use on continuous 
or alternating-current without mechanical alteration, but in 
the 5-ampere and 50- ampere and upwards sizes it should be 
tested on the current on which it will be required to work, as 
a difference of about 3 per cent, will be found— the meter 
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being slower on alternating current on the larger-sized meters, 
owing to the ratio of the resistance to the self-induction 
being slightly decreased, these meters having lower "non- 
inductive " resistances. The meter is slightly faster on 
inductive loads ; the difference is not, however, large. From 
tests made, a 100-volt 50-ampere meter was found to be :5 -2 per 
cent., and a 100-volt 75-ampare meter 5 per cent, faster on an 
inductive load of power-factor = 0'47, , 

The British Thomson-Houston Co. have recently intro- 
duced a new type of the Thomson meter, known as the A 







type. A view of this meter, with its cover off, is seen i 
Fig. 99. It will be noticed that several alterations have been 
made. The brake magnets and disc are placed above the 
motor, whereas the commutator is iu a much better situation 
at the bottom end of the spindle. Here it is not so subject 
to vibration as when it is just under the top bearing. The 
3 consist of spring wires having silver ends, and they 
supported by two posts damped to an insulating block held 
a cast support. The cover of the meter is dust-tight, bedding 
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all round in a felt-lined groove. It is fixed by only one thumb- 
screw which screws into the brass band seen between the 
brake magnets and the field coils. A hole in the bottom of 
this coyer allows the brush gear to pass through it, enabling 
the jewel and commutator to be inspected without breaking 
the main coyer seal. A dome, similar to that of the O.K. 
meter, covers up this gear and is sealed at the same time as 
the terminal coyer. 

The clamping is also much simpler than in the old type 
meter. The jewel-screw is threaded at both ends, having a 
milled head in the centre, and a jewel at one end only. To 
clamp or unclamp the meter, all that is necessary, therefore, is 
to turn the jewel-screw upside down and screw it home in the 
hole provided for it in the same casting as supports the brush 
bracket. 

In the smaller sizes tenths and hundredths hands are pro- 
vided for short dial-reading tests. 

A wooden distance-piece is fixed to the front of the main 
coils, as seen in Fig. 99. This prevents ail chance of a bad 
short-circuit bringing the coils together, which might otherwise 
happen, owing to the great force of attraction which is pro- 
duced by the abnormal rise in current which may take place 
on such an occasion. The torque of the meter has unfortu- 
nately been reduced, which is a step in the wrong direction. 
From measurements made on meters of this type it appears 
that the full-load torque is about lOgr. cms. in meters of the 
usual sizes. In very large sizes the torque is more, being 
about 14*5 gramme-cm. in 200-volt 300-ampere meters. The 
weight of the moving system is slightly less than in the older 
type meter, being about 263 grammes, but the torque per 
gramme weight of moving system is much less in the new 
type meter, the figures being: Old type, 0*084; new type, 
0039. 

The Vulcan Meter. — The Vulcan meter is similar in principle 
to the Thomson meter just described; there are, however, 
certain points in which it differs from that meter. Fig. 100 
shows a house-type meter of Vulcan make with its cover off, 
but a better idea of the general arrangement may be obtained 
from the side-sectional view, Fig. 101. The main current 
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passes through two main coils, A, so wound as to have about 
1,200 ampere-turns at full-load. 

An armature, B, which is very similar to that of the Thom- 
son meter, has a total of 6,400 
turns of 1mm. silk covered 
copper wire wound in eight 
coils of 800 turns each. It is 
dinm-wound, the resistance 
frcm brush to brush being 
620 ohms, and at a shuiit 
current of 002 amperes has a 




drop of 12'4 volts. The copper ring C, which replaces the usual 
disc, runs between the poles of eight magnets, M. The number 
of magnets lias now been reiluccd to four, these being of better 
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design for permanently retaining their magnetism. The hub 
of the copper ring is screwed, and can lie run up or down the 
threaded portion of the main spindle, being clamped by the 
screw I. This makes adjustment of tho meter very convenient, 
as it enables the copper ring to be lowered into the field of the 
magnets by any small amount when near the desired position. 
The main spindle, which has a removable pivot underneath 
it, runs on a jewelled bearing K, the jewel being spring- 
supported. The main spindle is raised off the jewel by 
screwing m, which causes the collar n to rise and lift I. A 
hole, 0, in the cover enables this to be done without removing 
it. O is closed by the terminal-box cover, the Utter being 




\<_-iAi 



2-Wire. B-Wiro. 

Fia. 108.— Vulcan Meter Consbctioxh. 

held on by the milled nut W. The worm and worm-wheel 
are missing, the motion of the main spindle being transmitted 
to the wheel train by the wire pinion Z, and the crown-wheel 
Z 1 , A dome at tho top, which is separate from the main cover, 
enables the brushes and commutator to be examined without 
removing tbe main cover. 

The commutator, the diameter of which is 0'24in., is situ- 
ated just below the top bearing, and the current is convoyed 
to and from it by wire brushes. Each brush consists of five 
straight silver wires, soldered at one end to a thin piece of 
springy metal. The wires themselves possess a alight amount 
of spring and bear on the commutator near their free ends. 
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Each wire is to a certain extent independent of the others, but 
as they lie close to one another the independence is not so 
permanent as it would be if they were separated, for if one 
brash is lifted off the commutator by a speck of dust it tends 
to pull those next to it with it. When separated they have 
been found to work much more satisfactorily. 

The connections for two and three-wire meters arc shown 
diagrLiumatically in Fig. 102, a, b, c, d being the four binding 







Fro. 103.— Vulcan Switchboard Meteb. 8n>E View. 

posts. In the two-wire meter it is, of course, not essential 
that the lower main be cut and both ends taken into the meter, 
a tee taken to either of the middle terminals being sufficient, 
and will in some cases bo found more convenient. 

For switchboard use these meters are made in sizes from 
10 to 2,500 amperes. Fig. 108 is a side view of a 200-ampere 
two-wire meter of the switchboard type, fitted with the newer 
type magnets already referred to. 
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The shunt current is uniform in all sizes, and is approxi- 
mately 0*02 ampere. The necessary high resistance in circuit 
with the armature is wound double on porcelain bobbins, each 
bobbin having about 2,000 ohms and a drop of 40 volts. The 
capacity of these bobbins slightly overbalances the self-induc- 
tion of the armature, causing the meter to slightly undcr- 
register on inductive loads. The balance, however, is nearly 
correct-, as the difference in the constant is about 17 per cent., 
between a unity and a 047 power-factor-load. There is 
practically no difference in the constant on non-inductive 
alternating and continuous-current circuits. 

The full-load torque is low, being roughly 8 gramme-cm. 
The weight of the main moving part is 230 grammes. 
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PREPAYMENT METERS. 

Of late years the prepayment meter has come very much to 
the front, and is being used extensively. The introduction of 
this class of meter, in conjunction with free-wiring schemes, has 
practically opened fresh fields for the supply and consumption 
of electrical energy by facilitating its introduction into the 
smallest class of dwelling. The small consumer, owing to the 
fact that he uses a greater percentage of his installation, and uses 
it more regularly, than does the very large householder, whose 
house is shut up for a great part of the year, creates a better 
load-factor for the station. The use of prepayment meters 
also simplifies accounts considerably, more particularly in those 
cases where the tenants are constantly changing ; for possibly 
two or three accounts might have to be sent out per quarter, to 
say nothing about the difficulty on occasions of finding the " leav- 
ing " consumer. The scope of the prepayment meter is, how- 
ever, not confined to the poor man's dwelling. Its use in flats 
is gradually becoming more extended, and in furnished apart- 
ments, where the consumers are chiefly nomadic, it relieves the 
proprietor of all responsibility as regards the consumption, over 
which he has practically no control. 

The prepayment meter is, generally speaking, a much more 
complicated piece of apparatus than the ordinary meter. In 
most cases the prepayment mechanism, which necessarily in- 
cludes an automatic switch, is an addition to such a meter, but 
in others the meter is only made in the prepayment type. The 
addition necessary to convert an ordinary, meter into the 
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prepayment type increases the price of the apparatus, and, 
taking into account that small meters are relatively more ex- 
pensive than large ones, and also that the prepayment system is 
restricted to the smaller sizes, it is obvious that the capital 
outlay on meters is increased by the adoption of the system. 
It is of the highest importance that the prepayment mechanism 
be absolutely reliable, and to be so it must be well made. The 
fact that the consumer may be left without light, owing to 
some defect arising in the meter, would not tend to increase 
the popularity of the system. Changing defective meters, and 
the cost of remedying their defects, if frequent, would soon 
make a low-price meter dearer than a better made and more 
expensive meter, even of the same make. 

The prepayment mechanism has much to contend with. It 
has to be proof against being tampered with. It must be 
capable of working with coins of varying thickness, i.e., with 
new or fairly worn ones. It should also allow of several coins 
being inserted in rotation at a time, as probably most con- 
sumers would prefer to put more than one in, and so avoid 
frequent visits to the meter and the chance of having the light 
cut off at an inopportune moment. There should, moreover, 
be no chance of the switch cutting off before the correct time, 
or of its remaining closed after the energy paid for has been 
consumed. 

The operations which the consumer has to perform must be 
extremely simple, and if these operations are not performed in 
the correct order, it should in no way disturb the adjustment 
of the mechanism. In addition to showing the number of coins 
inserted (as a check on the collector), the meter should be pro- 
vided with an indicator showing the amount prepaid, and giving 
some intimation of the fact that it is necessary to insert more 
coins to prevent the current being cut off. A set of dials may 
also be included, showing the number of Board of Trade units 
consumed, but this is not absolutely necessary. The rate per 
unit should be capable of being easily changed, for it may be 
that the same undertaking may supply at two different rates ; 
for instance, a high rate in the case of free-wiring jobs, and a 
lower rate where the free-wiring scheme has not been taken 
advantage of. The easy changing of the rate of charging is, 
however, essential, even if no free-wiring scheme has been 
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adopted, as it is very possible that the price per unit may be 
reduced from time to time. 

For the poorest class of consumer the " penny in the slot " 
meter is the most popular, and as the meters would rarely be 
larger than 2-ampere capacity on 100-volt supply, or 1 ampere 
on 200-volt supply, the penny meter is quite suitable. At Cd. 
a unit, 167 watt-hours are obtained for Id., consequently three 
8 c.p. lamps could be kept on for approximately 1 \ hours. 
In the larger sizes the silver coin meters are much to be pre- 
ferred, owing to the 'less frequent visits to the meter they 
require the consumer to make, and to the greater ease with 
which the money is collected and checked against the indication 
given by the meter dials of the amount which ought to be found 
in the till. 

The British Thomson-Houston Prepayment Meters. — The 
British Thomson-Houston Co. manufacture two types of pre- 
payment meter, the one being suitable for alternating-current 
circuits and the other for continuous-current circuits. The 
prepayment mechanism is identical in both types, and although 
one specially-designed cast-aluminium case contains the whole 
apparatus, the prepayment mechanism is really an addition to 
a meter of the A.C.T. type (see Chap. II., p. 42) for alter- 
nating-current circuits, or to one of the O.K. type (see 
Chap. III., p. 79) for continuous-current circuits. 

The external appearance of the continuous-current prepaj r - 
ment meter is seen in Fig. 104, whilst Fig. 105 illustrates 
an alternating-current meter with its cover off, and the 
coin shoot A and till B removed, to give a better view of 
the prepayment mechanism. The slot to receive the coins 
is on the upper left-hand side, being cut in a direction plate 
on the front cover of the meter. The coin being inserted, a 
handle on the left-hand side of the meter is raised to the top stop 
and lowered again. This action, with the firs t coin inserted, causes 
the pointer (seen on the left-hand side of the dial plate) to move 
one division on the scale, and then closes the switch c (Fig. 105). 
This scale indicates " coins unconsumcd," and the pointer is 
worked by a differential gear, it being raised one division by 
each coin inserted, and gradually brought back to zero by the 
motion of the wheel train, which is actuated by the meter. 
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Fm. 105.— B.T.H. Alternat-isis- current Phem.vmf.xt Meter. Ci.yh 
Till ujd Coin Slot Removed. 
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As many as 10 coins may be inserted at a time. The switch- 
arm is pivoted at its upper end, and a strong helical spring, I), 
constantly tends to pull it off. A hook, pivoted to the case at 
the back, engages with a pin on a lever on the switch arm, and 
holds the latter on against the tension of the spring so long as 
the pin-carrying lever is held by a second lever or catch. The 
front end of this second lever is prevented from dropping by a 
circular disc containing a gap in its periphery, which is turned 
backwards and forwards. This disc is turned in the one direc- 
tion by action of the coin on a lever carrying a ratchet, and in 




Fig. 106. — B.T.H. Meter. Part of Prepayment Gear. 



the reverse direction by the action of current. The switch is of 
the single-pole quick-break knife type and is positive in action. 
The differential gear is seen in Fig. 100, and consists of 
three concentric wheels ; the middle wheel, A, of the three is 
fixed to the spindle on which the two outer ones, B and C, are 
loose. The latter are toothed wheels, each having the same 
number of teeth. To the front wheel C a disc, having 20 teeth 
or notches, is fixed concentrically, and a ratchet, K, mounted 
on a lever, L, which is raised by the coins, turns this disc and 
front toothed wheel one-twentieth of a revolution per coin. A 
spring pawl, P, fixed to the upper left hand pillar of the wheel 
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train frame, holds A in position. The other toothed wheel, B, 
at the back, is in gear through a train of change wheels with 
the units spindle of the recording dials. The change- wheel ratios 
are so designed as to cause the back toothed wheel of the differen- 
tial gear to turn the required amount in the opposite direction 
to the front wheel. The wheel A, between the two toothed 
wheels, has a plain rim, except at one point, where it is cut 
away. When there are any coins prepaid, the rim of this 
wheel prevents the front end of a lever, D, falling, which, 
when held up, holds the switch on ; but, on the wheel A being 
turned by the clock train until the part cut away comes 
underneath D (this allowing D to fall), the switch is at once 
released and the light cut off. This happens when the amount 
prepaid has been consumed. The middle wheel A, having a 
planet wheel, E, on its periphery, which engages with both the 
outside toothed wheels, is turned in one direction by the 
front wheel and in the other by the back wheel. It is always 
turned one-twentieth of a revolution per coin in the one direc- 
tion, and the amount it is turned per unit consumed in the 
opposite direction by the back wheel depends on the ratio of 
the change wheels, which is decided by the price to be charged 
per unit. 

For example, if the price to be charged is 6d. per unit, and 
the meter is designed to take sixpenny pieces, then, as the coin 
will turn the middle wheel one-twentieth of a revolution, the 
change-wheel ratio must be such that one division on the units 
dial, i.e., one Board of Trade unit, will also turn the middle 
wheel one- twentieth of a revolution back. The position of the 
middle wheel at starting being such that the arm can just fall 
in the gap, it is obvious that, since this wheel is turned 
indirectly by the coin, and turned back again by the same 
amount by the main moving part of the meter, the switch 
will be cut off when one unit has passed through the meter. 
The accuracy with which each cut off takes place will depend 
on the equal spacing of the 20 notches, but, as this wheel 
always moves in the same direction, after the insertion of 
20 coins it will have completed a revolution, so that any 
inequality will have been cr mpensated. Thus the accuracy of 
the meter is in no way impaired by the addition of the pre- 
payment gear, for the friction of the arm which presses on the 
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rim of the middle wheel of the differential gear, and so holds 

the switch closed, is so far up the train that it is practically 

not felt at the main spindle. If n coins are inserted at the same 

time the middle wheel will be turned n/20ths of a revolution, 

so that n units would pass through the meter before the gap 

returns to its original position, allowing the switch to break 

the circuit. The work performed by the coin is simply to 

raise the lever L ; the coin falls into a slot S, in a barrel F, 

which is turned by the outside handle. After raising the lever, 

further turning of the barrel allows the coin to fall out of the 

slot into the till, the switch being turned on at the same time 

by an eccentric G and eccentric strap H. 

The continuous-current meter differs very slightly in external 
appearance; the main difference is the addition of a dome under- 
neath to allow of clamping and inspection of the commutator 
and brushes without opening the main cover, which is fixed to 
the main case by four sealing screws and sealed in the test 
room. The dome is separately sealed at the same time as the 
terminal cover, and the latter, covering the bottom fixing 
screws, prevents the meter being taken down without breaking 
this seal. A hinged door in the base forms the bottom of the 
till and is usually fastened by a padlock. 

These meters are made in 2, 3, 5 and 10 ampere sizes for 
various voltages and are of medium size, being about 8i in. x 
10| in. x 5 in. deep. 

In the earlier meters of this make the arm of the lever which 
rests on the periphery of the middle differential wheel and 
indirectly holds the switch on, was weak, and has in practice 
been found to bend and so release the switch before it ought 
to have done so. This arm is now made much stouter, and 
the spindle on which it rocks is further supported by a bracket 
from the top of the case (inside). The eccentric strap 
formerly made of brass gave some trouble by opening out. 
It is now made of steel. With these improvements the meters 
are working very satisfactorily. 

The Electrical Company's Prepayment Meters. — These pre- 
payment meters consist either of a meter of the R.A. type for 
continuous-current (see Chap. III., p. 59) or of one of the 
K.J. type for alternating cuinnt (see Chap. IT., p. 32 
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circuits, together wiih a prepayment mechanism. A con- 
tinuous-current or It. A. type prepayment meter, with its 
cover off, is illustrated in Fig. 107. The prepayment 
mechanism seen to the right is mounted on a separate back 
plate, the loft-hand side of which forms an arc of the same 
nulius as the meter back plate, against the rim of which it 
butts, and is held by screws AA. One cover encloses the whole 
apparatus, leaving the handle B outside on the right and the 
terminal box outside on the left. The meter illustrated is 




Fin. 107. — Electric. 
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downed to take penny coins, and a penny^has been inserted 
through the slot in the top of the case, and is seen in the 
receiver. The only portion of the work which the coin has to 
perform is to press back a stop-pin, which is supported on a 
piece- of Bpriflg metal, and passes through a bole in the frame D ; 
the pressing back of this pin by the coin allows the shaft E 
carrying tho plate F to be turned by the handle B. With no 
coin in tho receiver the stop-pin prevents the plate F being 
turned. Further turning, to the extent of about half a revo- 
lution of E, closes the switch, credits the consumer with one 
penny worth of current, and allows the coin to fall out of the 
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receiver by gravity into the till, which passes up through 

the bottom of the cover in a position immediately under the 

receiver. The shaft E carries a cog wheel, H, which gears 

with the pinion J, the latter being loose on the spindle K. 

This spindle is screwed as seen, and upon the screwed portion 

a nut, L, having a flange of relatively large diameter, is capable 

of running freely up and down the screw between two stops, 

M, N, fixed on a rod, which is carried by two flexible supports 

in such a manner as to allow the rod to be moved slightly 

along its axis when the flanged nut L engages with either stop 

M or N. The flexible supports of this rod, by their spring, 

tend to push the rod and stops to the right. The right-hand 

flexible support is bent over and cut away to form a catch for 

a lever, which is pulled towards the front of the meter by a 

spring, and is pushed towards the back of the meter by a pin, O 

(driven into the shaft E), when the handle is turned. 

The switch arm consists of a plate of insulating material 
pivoted at the top and carrying a copper connecting piece 
which makes contact between two blocks— thus completing the 
circuit — when the insulating arm is pressed down by the lever 
referred to above, against the tension of a spring which tends 
to pull the 8 witch off. The lever — being held by the catch in 
the right hand flexible support of the rod which carries M and 
X— thus holds the switch on until the catch is released. 

The pinion J, which is loose on the spindle K, has a long 
pin P, which runs parallel to the spindle K fixed to it, as 
shown in Fig. 108. This pin passes loosely through a hole in 
the flange of L ; thus it will be easily seen that on turning the 
pinion J (by means of the handle) L is also turned and travels 
to the right along the threaded spindle. The pinion Q, Fig. 108, 
being rigidly fixed on to the spindle K and connected through 
gearing to the main spindle of the meter, turns K when cur- 
rent passes, thus causing L to travel back to its original posi- 
tion, the pin P now acting as a guide, and preventing L 
turning with the spindle. Eeturning to Fig. 107 the normal 
position of L is up against the stop M, by pressing against 
which the catch holding the lever, which in turn presses the 
switch on, is released, thus opening the circuit. Each coin 
inserted with the corresponding turn given to the handle B 
causes L to travel a definite distance towards N, against which 
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it eventually presses if sufficient coins (about 10) are inserted. 
When this happens, the left-hand flexible support of the rod 
carrying M and N is pulled to the right, which causes a catch 
to engage with F, so preventing further turning of the spindle 
£ and the insertion of more coins. 

The handle B is connected to the shaft £ by means of a 
ratchet coupling, in order to allow a spring lever to cause the 
shaft £ to complete its revolution and to cause F to return to 
the proper position to receive a coin. 

The meter train proper is connected to a second train by 
the coupling R (Fig. 107), and thus the necessary turning of 
the screwed spindle K is made proportional to the ampere- 
hours taken. The price per unit is easily altered by intro- 





Fig. 108.— Differential Gear of Electrical Co.'s Prepayment Meter. 



ducing change wheels into the second train. A scale showing 
the number of pence prepaid is placed in front of the travelling 
nut L, the flange of this nut being used as an indicator, it being 
seen through a horizontal slit in the scale. The cover is pro- 
vided with a small window immediately in front of this scale. 

The prepayment mechanism, although not likely to get out 
of order easily if properly used, is somewhat delicate, and 
would not stand rough usage. For instance, if a consumer, 
not noticing that the maximum number of coins had been 
inserted, put another in and tried to force the turning, he 
might in all probability damage the mechanism. 

Devices, which prevent the insertion of the coin after this 
point, are much to be preferred to those which allow the coin 
to enter, but prevent it being used. 



The Hook 

elimination c 
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i Hookham Prepayment Meter.— With a view to the 

a of troubles due to bent coins und coins of vacying 
thickness, in the Hookham prepayment meter the coin is 
simply used as a key or link to raise a catch and allow a lever to 
turn far enough to release a disc or bill which is used to work 
;he mechanism. These discs or balls, aa the case may be, being 




made accurately to gauge, are capable of performing their work 
without the chance of jamming. 

A continuous-current meter of this make is shown in Fig. 109, 
the coin slot S being on top at the left hand. There are two 
tills or drawers, one at each side, which slide out towards the 
front One of theso tills is to receive the coins, whilst the 
other contains the used discs or balls. In tiic front cover of 
the meter (removed in the illustration) there is a narrow plate 
which is screwed to the front between the tills and covers the 
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terminals. These can thus be got at for the purpose of con- 
necting the meter into circuit without opening the main case. 

The reservoir A, partially cut away in Fig. 109, contains the 
unused checks (which in the meter illustrated are balk). On 
a coin being inserted in the slot B it at once falls into the slot 
in the lever C, which is pulled against a stop by the spiral 
spring shown, so that the two slots are in a line. C terminates 
in a handle, D, which comes through the front of the meter. 
On moving the handle to the left (which the consumer has to do 
after inserting the coin), G moves to the right, about an axis 
through the screw, and the catch £ stops it unless the coin is 
in the slot in C, in which case the latter raises £ and allows C 
to turn further and release one ball from the reservoir. The 
coin then falls into the shute and into the left-hand till. Until 
it is quite clear of C the notch F prevents C returning to its 
normal position and the insertion of further coins. The ball on 
being released from the reservoir falls into a grooved beam, G, 
which is pivoted at 0. It runs down the groove until stopped 
by the first screw L fixed on a rocking arm, K. 

The weight of the ball on the beam causes the right-hand 
end of the latter to drop, which plunges the two prongs into 
the mercury switch H, thus making the circuit. As many as 
eight coins can be inserted at a time, releasing eight balls, after 
which a lever, I, is raised preventing the release of further balls 
or the insertion of more coins until one or more of the balls 
have been released from the beam by the working of the 
meter. The balls are released from the beam one at a time 
by the meter in the following manner : — The rocker K 
which holds the screws LL is attached by means of a con- 
necting rod to a crank pin, J, carried by one of the wheels 
on the counting train. Change wheels are inserted in this 
train so as to allow one. complete revolution of the crank to be 
equivalent in Board of Trade units to the amount to be sold 
for one coin, and consequently one ball. The screws L L are so 
adjusted that, when at their highest position, they just allow 
the ball to pass under them, and the distance between their 
points is such that they allow only one ball between them. 
The left screw rising, allows one ball to pass under it, which is 
caught by the right screw. By the time the latter finally 
releases the ball the left screw is low enough to catch the next 
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ball, which is not finally released until another complete revo- 
lution of J has taken place. The released balls fall into the 
right-hand till and are replaced in the reservoir when the money 
is collected. An adjustable balance weight, P, at the left-hand 
end of the beam enables the balance to be regulated so that the 
prongs are out of the mercury when there are no balls on the 
beam, and the weight of one ball is sufficient to tilt it. 

By means of the screw N the beam is clamped and the mer- 
cury tubes of the switch closed for transit. N is unscrewed 
through a hole in the top of the meter, which is closed by the 
sealing gear. When unclamping, it should be ascertained that 
the washers which close the mercury chambers do not stick, 
and thus hold the prongs in the mercury. It is naturally of 
the greatest importance to the working of the meter that the 
beam should be perfectly free to swing, and that the mercury 
tubes of the switch are filled to the correct level, which is the 
bottom of the clear portions of the glass tubes. 

The tills are held in by the spring bolts at the back. These 
bolts, together with the cover of the reservoir and the cover 
for the hole above N, are all worked by a rod along the top of 
the meter to which the hasp for padlocking is rigidly fixed. 
Different forms of dials are provided. In Fig. 96 the dial train 
simply indicates the equivalent in <£. s. d. of units consumed. 
The dials provided in another form of meter indicate the 
Board of Trade units consumed, and the number of coins used 
and unused. This latter type of dial is much to be preferred, 
as it enables the consumer to ascertain when more coins are 
required to keep the light on. 

The meter has a rather low torque. From tests made on a 
200-volt 5 ampere 60 ~ prepayment meter, it was found to 
have a full load torque of 0*85 gramme cm. 

It is made in sizes up to 5 amperes for either pennies or 
shilling*. The penny meters are provided with the balls, of 
which they contain 120. In the shilling meters discs are used, 
25 usually being provided. These numbers of cheques there- 
fore enable the consumer to take 20 and 50 units respectively 
between the collector's visits at 6d. per Board of Trade unit. 
After these amounts of energy have been taken the supply 
would be stopped until the checks were replaced in the reservoir. 
The system of employing checks in this way, while probably 
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avoiding (roubles due to bent coins, possesses the disadvantage 
of putting a stop on the action of the meter and the supply of 
current. With the figures given above, a 200-volt H-ampare 
meter for shilling coins would only enable the consumer to use 
full load foran average of 1 \ hours per day if the collection was 
made quarterly, and of conrso larger meters would reduce this 
time in proportion to their capacity. There is the chance also 
of the collector emitting to replace tbe cheeks in the reservoir. 
The meter is large and heavy, its dimensions being 1ft. lin. 
square by 5in. deep, and its weight 301b. 

The Mordey-Fricker Prepayment Meter. — The Mordey- 
Fricker prepayment meter practically consists of an ordinary 
meter of this make {set Chap. IV., p. 112) with certain 




modifications and additions, and minus the dial train. As will 
be seen from Fig. 110, a stout brass plate divides the meter into 
two portions, the meter part proper being above it and the 
prepayment mechanism, mainspring and switch underneath. 
The numbers seen through the small window on tbe left indi- 
cate the total number of coins inserted, whilst the pointer and 
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dial indicate the number of pennyworth! still to the credit of 
the consumer. The bottom case is in two partu, the lower of 
which (Fig. 1 10) forms a till. It i* hinged on the righl end 
fastened by a padlock pacing through two lugs, udo of which 

is on the upper and one on the lower canting. The muter 
illustrated is fastened with a Tourtel padlock. The mains are 
passed through bushed holes, one at each ride of the upper 
casting, to terminal posts, these being got at by opening the 
till. The action consists in the mainspring bring wound ■•. 
definite amount and the circuit made by the consumer, a coin 
forming a link in what might he termed the winding gear, and 
the unwinding of the spring and opening of the switch by the 
working of the metor due (o the current passed through it. 

Fig. Ill is a view of the underneath portion of a 100 volt 
t-atnpere meter designod to take sixpenny pieces. The wind- 




ing handle A and the huge cogwheel Ii turn about the same 
axis. The handle turns from its normal position through an 
angle of just over 6U dog. from right to left, its travel being 
limited by two stops. A spiral spring pulls it back against 
the right-hand stop, in which position a slot cut in its arm is 
directly underneath the coin slot in the brass plate (seen in 
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Fig. 110). Turning the handle does nothing until a sixpence 
is inserted. In the wheel B, six radial slots are seen, and one 
of these is always immediately under the slot in the arm and 
that in the brass plate. Thus, a sixpence being inserted falls 
through, and is caught by the brass sector C in such a manner 
that the coin is partly in the slot in the arm of the handle and 
partly in one of the slots in B, and is clear of the brass plate. 
It thus forms a link by which, on turning the handle A, the 
wheel B is turned through an arc of 60deg., bringing the next 
slot, in the wheel below the coin slot ready to receive another 
coin. The sector C does not move, and as it is cut away at 
the left-hand end it allows the coin to fall into the till at the 
end of the travel. It will be noticed from the shape of this sec- 
tor that a smaller coin than that for which the meter is designed 
would fall right through. The size of the slot prevents larger 
ones being inserted. The wheel B gearing with a pinion turns the 
spring barrel D one turn, thus winding the spring a definite 
amount, and a ratchet (not seen in the figure) engaging with a 
notch in the periphery of the barrel prevents the spring unwind- 
ing by the barrel end. The ratio between wheel and pinion 
is 6:1. The barrel arbor is continued underneath, and the 
portion E below the barrel is threaded. A flanged nut, F, runs 
on this threaded portion, carrying a loose collar or strap, to 
which is attached the crank G and one end of the lever H. By 
means of two pins fixed to the barrel, which pass through two 
holes in F, this nut is turned the distance of the pitch of one 
thread up the barrel arbor. This motion works the bell crank 
M (pivoted at m) thus turning N and the cam O. The latter 
is not only capable of turning about its axis, but, owing to its 
support being hinged, it moves to the left, pressing against the 
bar P, which is constantly held up against O by the tension of 
the spiral spring R, and thus puts tho switch on, as can be seen 
in the figure. The lever H (pivoted at h) has a rack at its 
other end gearing with a pinion, the spindle of which carries 
the hand, which indicates the amount in pennyworths uricon- 
sumed at any moment. As the action of the clockwork unwinds 
the spring, the nut H is prevented turning by the pins fixed 
to the barrel, and consequently travels slowly to its original 
position owing to the rotation of the threaded spindle which 
carries it. This motion naturally turns the pointer back and 
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breaks the circuit. The nut F should run easily on the threaded 
spindle, but there should be no back-lash, which would cause a 
slightly variable cutoff. 

The insertion of a second and third coin in rotation at the 
same time simply causes the nut to turn one or two more 
threads respectively further up the spindle. 

The counter S, which indicates the number of coins inserted, 
has a pinion gearing with the wheel B. The ratio of the wheel 
and pinion being 6:1, the counter increases its reading by one 
for every coin inserted. 

In the older meters of this make the number of double l>eats 
per ampere per minute depended on the size of the meter and 
rate per unit, but this has now been standardised, and one of 
the wheels in the train is marked and can be seen through a 
window in the top of the upper cover. Wheels of different 
ratios are inserted in the clock train which enable the marked 
wheel to run at a standard speed. In meters for from 100 to 
150 volts, this marked wheel should turn one revolution in 
100 seconds for every 1*35 amperes flowing, and in those for 
from 200 to 250 volts one revolution in the same time for 
every 0*635 ampere flowing. 

The meters are made for penny coins and sixpenny pieces, 
and as the escapement wheel of the former contains only two 
teeth, whilst that of the latter contains 12, the speed of the 
marked wheel is unaffected by the coin for which the meter is 
designed. The remarks made with reference to overloading of 
the ordinary meter of this make are applicable to the prepay- 
ment type, as the current-integrating part of the meter is 
practically the same. 

The prepayment mechanism has been found to work satis- 
factorily in practice. There is one improvement, however, 
which might be suggested. The provision of a plain sector, 
attached to the right-hand side of the arm carrying the handle, 
would prevent the insertion of a coin unless the slot in the arm 
was immediately under the slot in the brass plate. At present, 
if the spring which pulls the arm back against the right-hand 
stop becomes weak, or if the arm should stick on its backward 
journey, a coin inserted would fall straight through into the 
till, or would prevent the arm returning to its normal position, 
and in either case put the consumer to inconvenience. 
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The Reason Prepayment Meter. — In the prepayment meter 
manufactured by the Reason Mfg. Co. the coin actuates the 
mechanism without the aid of any handle to he operated by 
the consumer. The external appearance of this meter is seen 
in Fig. 1 1 i. The till is a cast-iron box which is hooked on the 







left-hand side of the meter, being secured by a hasp and pad- 
lock at its upper end. A hinged door just below the dial 
windows enables the meter terminals to be got at for the pur- 
pose of connecting into circuit without breaking the main cover 
seal. Fig. 113 is a back view of the meter out of its case, and 
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shows the prepayment mcchmism. The meter itself is of the 
type as the ordinary mercury motor meter of the sumo 
previously described (I'hap. III., p. 82). The prepay- 
ment mechanism is shown in detail in elevation in Fig. Ill 
and in plan (with the coin sheet A and the driving train 
of the meter removed) in Fig. 115. The upper end of tho 
lop portion of the coin shoot A 





Fit. 118.— Reason Prepayment Meteb Hbiioveu citosi Case. 

i put into the slot. In some meters the slot is exactly 
a front of A, whilst in others a chamber is provided to 
receive the coin which is pushed sideways by a pusher (which 
comes out through the front of the case) until it comes oppo- 
i the shoot. The object of this device is to prevent all 
"lility of fraudulently working the mochanism by a wire 
r otherwise. The coin runs down the upper shoot A, falling 
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into the lower one at the left-hand end, and on running down 
this shoot encounters the coin receiver B which is fixed to the 
lever C. This lever, being pivoted at c and slightly over- 
balanced by a weight at its left-hand end, always remains so 
that B is in the path of any coin which may be inserted. The 
coin on passing over the bottom of B deflects the lever C and 
then runs into the till. 

A seoond lever, E, pivoted at e, and balanced similarly to C 
at its left-hand end, carries a stiff wire, E„ which forms the arm 




of the mercury switch EF. When the coin deflects the lever 
C, it also brings the lever E down with it by means of the bar 
D (rigidly fixed to C), which is fitted with a pin above E, as 
seen in the plan (Fig. 115). This causes the wire bridge-piece 
Ei to dip into the mercury cups and complete the circuit. The 
notch in the rod H, which is pivoted at the bottom, engaging 
with a pin, G, on E prevents E rising, and thus breaking the 
circuit, until G is released, which is effected by the pin O 
pushing H to the right at the proper time. The normal 
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position of is as shown in the elevation. It — together with 
the arm carrying the planet wheel N of a differential gear — is 
rigidly fixed to the spindle M,, which also carries the pointer 
of the "uneonsumed coins" dial. The two crown wheels L 
and M are fixed to sleeves which are loose on the spindle M,. 
A star wheel K, fixed to the same sleeve as L, is turned one 
tooth for each coin by the pin J! on the pawl J, which is 
carried hy the bar I rigidly fixed to the rocking lever C. A 
pawl, P, locks K, and so prevents it from moving backwards 
or forwards except when pushed by J,. The other crown 
wheel M is geared by a pinion on its sleeve to the wheel-train 
of the meter. Thus the coin turns in one direction and the 
meter-train in the other, and by the insertion of varying 




Fra. 115. — Plan of Pbbpaymbht Mecbanisu in Reason Meter. 



change wheels in the train which works M, the price per unit 
can be altered. 

Owing to the method by which the coin actuates the mecha- 
nism, the working would probably be unreliable with small 
coins, such as a sixpenny piece. The meter is, therefore, only 
made for larger coins. In the caac of meters to take penny 
pieces an arrangement is provided which prevents halfpence or 
small coins working the mechanism, such coins being shot 
direct into the till. 

The mercury switch is probably the meters greatest draw- 
back, from the supply company's point of view. The mercury 
cups are certainly easily filled in aitu through the gap left when 
the till is removed, but they are less easily emptied. If the 
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makers were to supply soft rubber ettpe to fit over the mercury 
cups during transit, the caps being chained to the meter so 
that they wouM be handy when the meter was taken down, 
this would, in the Author's opinion, be a great though inexpen- 
sive improvement. 

The Vnlcan Prepayment Meter. — This meter consists of an 
ordinary Email pattern Vulcan meter (see chap. IV., p. 127), 
with a prepayment attachment, enclosed under one cover. It 
probably stands by itself as being the only prepayment meter 
of the watt-hour type suitable for both alternating and con- 
tin nous- current cireu its. Figs. 116and 117 illustrate a meter 
of this make with its cover on and off. 







The dials to the left of the figures are the ordinary meter 
dials and indicate Board of Trade units. The three upper 
dials on the right show the number of coins inserted, whilst 
the lower one on the same plate is the " unconsumed coin " 
index. The slot to receive the coins is to the left of this dial 
plate, and the shaft underneath it protrudes through the case 
and carries a handle (removed in Fig. 117), by which, with the 
aid of the coin, the mechanism is worked and the switch 
turned on. 
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The meter illustrated ia fitted with eight small brake 
magnets (four at the back ami four in front), bat, na in the 
case of the ordinary meter, the prepayment tJjM i- BOW nude 
with only four magnets, these licing larger and of better 
design for retaining their strength. Fig. 118 ia a view of a 
meter of this make from above, mid ahows aomc of the mecha- 
nism. The ordinary dial train A is connected to the pnpftJT- 
ruent mechanism by means of a crank, B, fitted either on to 
the worm-wheel spindle (aa in Fig. 118, in which case this 
ipindle is made to extend beyond its back bearing to receive 
it), or on to the spindle of an additional wheel when the speed 
recjnires to be slower, as in the case of meters for silver coins. 




'ho crank runs between the two prongs of a forked lever, C, 
ad, by causing the latter to oscillate, operates an escapement 
hich terminates a clock train worked from the opposite end 
y a strong main spring, D. By this arrangement the main 
pring ia unwound at a speed proportional to the speed of the 
meter's main moving part, that is, at a speeed proportional to 
the energy passed through the meter. As the main spring pro- 
vides the necessary power for working the wheels of the clock 
train, and as also the forked lever is nicely balanced, there is 
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practically no extra work thrown upon the meter by the p 
payment mechanism. The other mechanism necessa: 
for enabling the main spring to he wound a definite ai 
the same time closing a switch which is opened automatics 
when the meter baa unwound the spring by the same amom 
The main spring arbor carries two bevel wheels, E and 
which are on sleeves, and a spindle fixed to it carries the plai 
wbool t!. The wheel E is in gear through the clock train n 
the escapement, and F gears with the coin-indi eating dials and 
a large toothed wheel immediately underneath the lever H. 




The coin on boing inserted falls into a groove in the shaft J, 
to which the handle K is attached outside the cover. On the 
handle being turned the coin engages with one of the teeth in 
the wheel under H, and turns this wheel a definite amount, 
controlled by a spring ratchet (not seen in the figure). 

As the bevel wheel E is practical];' stationary (even if the 
meter ib working at the time) the planet wheel G is turned by 
F, antl runs on E, thus turning the arbor and winding the 
spring. Each additional coin inserted, up to the maximum of 
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eight, winds Xhe spring an equal amount, By the time the 
eighth coin has been inserted G will have turned round to the 
other side of the spring arbor, where it jams up against a lover, 
L, which locks the shaft and prevents the insertion of further 
coins until the spring has been unwound to the extent equal to 
one or more coins by the meter. The power of the main- 
spring is transmitted to the train through the sumo planet 
wheel G, which, as the spring unwinds, runs round in the 
reverse direction on the bevel wheel F, which is stationary 
except when the handle is being turned. 

To facilitate alteration in the rate of charging, the spindles 
which carry the change wheels extend beyond tho plate and 




Fig. 119.— Switch-gear or Vulcan Prepayment Meteh. 

the wheels are pinned on outside, as at M and N (Fig. 118), 
thus enabling them to be replaced by others of a different ratio 
without taking the prepayment train to pieces. 

The switch consists of the prongs fixed to the slate back at 
the top right-hand corner (Fig. 118), which are electrically 
connected by the plate O, fixed on an ebonite block which is 
pivoted at the top of an arm, which in turn is pivoted at its 
lower end. The switch-working mechanism is seen in Fig. 119, 
which is an elevation of it looking from the back (with the 
slate back of the meter removed). In this diagram 0, R, T 
are the brass plate, pivoted ebonite block, and arm respec- 
tively. The spring S t tends to pull the switch off, while a 
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small spring, Sg, keeps R in the position shown. - The pivoting 
of R allows the upper portion of the switch arm to roll off, and 
thus prevents rubbing friction between O and the forks of the 
switch Q when S x pulls the switch off ; in this way any likeli- 
hood of the switch remaining on when it should come off is 
prevented. The switch is pulled on and released bj r the 
sector U (rigidly fixed to the end of the main spring arbor 
V), which works the fork-shaped connecting rod W by means 
of the pins X 2 , X 3 . 

The fork of W lies between the sector U and the plate Z 
(behind which is the main spring D, Fig 118). The pin X 2 is 
fixed to the sector and stands out behind it so as to catch the 
upper limb of W ; X 3 is fixed to the lower limb of W, which 
is notched as shown ; X x is another pin, fixed to the plate Z, 
and prevents W rising further than necessary. On winding up 
the spring the sector U is turned into the dotted position, 
thus pushing X, until the notch in the lower limb of W engages 
with the catch Y, which is fixed to Z. This action puts the 
switch on, and it will be seen that further winding and conse- 
quent turning of U does nothing, but the shape of U prevents 
all possibility of the switch being released while its periphery 
is above X 3 . When U is in the dotted position, and beyond, 
X 8 remains at the dotted position X 4 , the switch being held on 
by Y against the tension of the spring Si. On the main-spring 
being unwound by the action of the current passing through the 
meter, the sector U returns, eventually reaching its original 
position (provided that no further coins are inserted). On its 
return, X 2 in due course engaging with the upper limb of W, 
raises the lower one off Y, allowing the spring S x to pull the 
switch off. 

The prepayment meter possesses a lower torque than the 
ordinary meter of this make. A mean of several results on 
different meters gives a full-load torque of 3*7 gr, cm. ; the 
shunt current is, however, unaltered, it being 0*02 amperes. 
The meters are made in two sizes — viz., 2 and 3 amperes, for 
various voltages. They can be obtained for any rate of charge 
between 3d. and Is. per unit, to take either pennies, sixpences 
or shillings. The prepayment mechanism, although appear- 
ing somewhat complicated, has been found to give very little 
trouble in practice. 
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The Watson Prepayment Meter.— The Wfttaon pn 
meter, or, as it U called, "The Wataon Electric SloUar," eon- 
a d two iinlcpcn-lont chicks, each worked by it* own main- 
spring, and a "feeler" ammeter, in addition tu which is the 
echanism lor making the circuit of a main -witch when a 
'a fawertod, and breaking it wbcti too amount of ■■uncut, 
t, more correctly, the number of Sep. lamp-faoura prepaid, 
.» been taken. Fig. 120 shows it meter of thin make with 




Fig, 120.™ Watson TiiErAYUENT Mister. 



the hinged front open. The coin is inserted in a slot in a trap 
in the top left hand corner. The trap is then turned until the 
slot is underneath when the coin falls by gravity into a groove, 
and by bearing against one arm of a bell crank lever causes the 
other arm to release the shaft which carries the handle, an 
adjustable sector, and the e.cueiiUics by which the switch is 
operated. The objects of the trap are, (1) to prevent all chance 
of tampering with the meter, either by a wire or by means of 



160 ELECTRICITY METERS. ch. v. 

a coin with a thread attached to it, for the purpose of hauling it 
back ; and (2) to prevent bent coins being inserted and jamming. 
A bent coin will stick in the slot in the trap, and, therefore, 
has to be turned out again and another one used in its stead. 
On turning the handle in a clockwise direction the coin falls 
into the shoot fixed inside the front. The sector fixed on the same 
shaft as the handle turns a circular disc fixed on the same 
spindle as the dial hand a definite amount, depending on the 
price per unit to be charged, or, rather, on the number of 
8-c.p. lamp-hours allowed for the penny or shilling, as the case 
may be ; the switch is also closed by the same operation. 

The disc and hand are turned back to their original position 
(zero) by the upper clock, its speed being controlled by an 
escapement. This escapement is worked at a speed propor- 
tional to the number of lamps on and the time for which they 
are on. 

Kef erring to Fig. 1 20, the aluminium plate A has a zig-zag 
slot cut through it, and its lower edge is cut so as to form a 
series of notches. A pin on the upper escapement passes 
through the zig-zag slot. The plate A is capable of being 
turned through a small arc about the axis a, and in turning 
through the complete arc the pin guided by the zig-zag slot 
works up and down, thus releasing a tooth of the escapement 
wheel each time it passes up or down one of the straight slots 
in the zig-zag. The arc traversed by the plate A is controlled 
by the arm B, which is pivoted at b and carries on its lower 
end the core C of the fixed solenoid D, through which the 
main current passes. The arm B is, therefore, in reality an 
ammeter needle. There are the same number of notches in 
the lower edge of A as there are straight slots in the zig-zag, 
and the notches are cut so that, whichever notch is caught by 
the arm B, the pin which works the upper escapement is slid 
along the same number of straight slots of the zig-zag. Thus 
if one lamp is on, and the plate A allowed to " feel " for the 
arm B, the latter catches the former in the first notch, causing 
one tooth of the upper escapement to be released. The plate 
rests thus on B until a cam wheel in the train of the lower 
clock comes round and raise3 the plate A off B, which it does 
by acting on a pin fixed to. an extension of A to the left of its 
axis a. A second tooth is released by the backward motion of 
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the upper end of A to its normal or " no current " position. 

When no current is flowing B should be underneath the zero 

mark, which is on the plate A to the left of the first notch. In 

this position the cam wheel only just raises A sufficiently to 

allow the arm B freedom, but not enough to allow the uj>j>or 

escapement to move. The plate A is raised off B -at regular 

intervals of about 10 minutes — by the cam, and at these times, 

should any lamps be on, B being relieved of the plate A, takes 

np a position according to the value of the current passing. 

When, therefore, the plate again feels for the arm, after a 

farther interval of 10 minutes, should the current have altered 

in the meantime, B catches the plate in the second, third or 

other notch, depending on whether two, three or more lamps 

are on, and thus four, six, &c, teeth are released in the upper 

escapement, two for each notch ; the hand is, therefore, worked 

back to zero at a speed proportional to the number of lamps on 

and the time during which they are on. The scale over which 

the pointer passes is calibrated in 8-c.p. lamp-hours, and the 

reading of this scale shows the number of 8-c.p. lamp-hours still 

standing to the credit of the consumer at any time, and takes 

the place of the usual "coins prepaid" index. A revolving 

scale at the back passing a fixed index shows the total number 

of lamp-hours paid for. This index can be inspected through 

the hole E in the dial 

The switch and terminals are seen to the left of Fig. 120. 
The switch is in reality only a single-brake one (although it 
looks like a double-brake one), as only one of the arms comes 
out at a time. On the insertion of a second coin the switch is 
opened at the start of turning the handle, and remains so 
until the turning is completed, which is rather an objection- 
able feature, as, apart from putting the lights out — should any 
be on at the time — bad arcing may take place if the handle is 
turned at all slowly, and this on a 200-volt supply might 
damage the switch. 

The accuracy depends on many points, such as the proper 
calibration of the ammeter movement, and the cutting of the 
notches in A which catch the tip of the arm B ; the accurate 
timekeeping of the lower clock ; the amperage of the lamps 
being uniform and the same as the assumed value for which 
the meter has been calibrated ; and on the fact that it must 

M 
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not on any account be overloaded. This is an important draw- 
back, as if more than the full load were on, the meter would not 
cut off the light any quicker than at full-load. 

The meter is usually calibrated in 8-c.p. lamps, taking 33 
watts per lamp at constant voltage. It could, of course, also 
be used on circuits installed with 16-c.p. lamps on the assump- 
tion that these take twice the power, but it is essentially a 
lamp-hour meter as distinct from an energy or an ampere-hour 
meter. 

The changing of the rate of charging is very simple in this 
meter. The sector which turns the metal disc and pointer 
round — thus crediting the consumer with a certain number of 
lamp-hours — is made in two portions, one behind the other. 
The front portion is slotted, and they are both clamped together 
by a screw which passes through the slot and screws in the 
back portion. The arc of the sector can thus be increased or 
diminished within certain limits. As the latter turns the disc 
by a friction contact of the two peripheries, the longer the arc 
of the sector the greater is the angle through which the disc 
and pointer are turned, which means the greater the number of 
8-c.p. lamp-hours put to the credit of the consumer for the coin. 

This meter is made in two sizes — viz., 3 and 10 lamps. The 
two clocks require winding by hand once a month. 
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DOUBLE-TARIFF METERS AND MAXIMUM DEMAND 

INDICATORS. 

The fact that the cost of production of electric energy 
depends to a much greater extent on the rate at which it is 
supplied than on the quantity supplied during a given period, 
and that a flat rate of charging takes no account of the rate at 
which the energy is taken by the consumer, or the time of day 
at which he takes it, has led to the introduction of other 
methods of charging. These may be divided into two classes, 
viz. : (1) those which require no special measuring apparatus 
other than the ordinary integrating meter, and (2) those which 
require either specially designed meters or additional appa- 
ratus. The first class consists of systems in which discounts 
are given in proportion to the quantity of energy consumed, 
or those in which the discount is varied according to the prob- 
able duration of the demand of the consumer. The second 
class practically consists of two : the differential tariff and the 
maximum demand systems. With the differential tariff system 
a high rate is charged during the evening when the station is 
very fully loaded — or during the peak of the load — and a low 
rate during the rest of the 2-4 hours. This method of charging 
therefore tends to encourage the uss of electricity during the 
period of light load, and to discourage its extravagant use 
at the time of maximum load on the station, thus tending to 
reduce the peak and increase the load-factor. It necessitates 
the use of two-rate meters, or of time switches in conjunction 
with ordinary meters. This system is extremely simple, and 
is therefore easily comprehensible to the consumer. The B.T. 
units consumed are recorded on two sets of dials in the meter 
(or by two meters), according as to whether they have been 

m2 
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consumed during the high or the low-rate period into which 
the 24 hours are split up. These periods may be altered 
according to the time of year, in order that the high-rate period 
may be during the peak, which generally takes place at different 
times in summer and winter. With the maximum demand 
system the consumer is charged at a high rate for the equiva- 
lent of one or two hours 1 (as the case may be) daily use of his 
maximum demand, and a low rate for all units consumed above 
this quantity. This system gives enormous advantages to the 
long-hour consumer who does not exceed his usual load at any 
time during the quarter, or half-year, and under it the short- 
hour consumer has to pay a high price, owing to his consump- 
tion never reaching the quantity necessary to be consumed 
before the rebate comes into force. The long-hour consumer 
who exceeds his usual maximum only once or twice during the 
period has to pay very heavily for doing so. 

The adoption of this system introduces an additional instru- 
ment, called a maximum demand indicator, which is fixed on 
the consumer's premises in addition to the ordinary meter. 
The demand indicator is really a sluggish non-return ammeter. 
It requires to be made sluggish in order not to take account of 
any momentary increase of load, such as the switching on of 
lamps in one room just before the switching off of those in 
another, or, in the case of motors, its reading should not be 
affected by the starting current, for such temporary loads have 
no effect on the capital costs of the undertaking, and the system 
of charging would become rather a system of fining the con- 
sumer for carelessness. The amount of sluggishness required 
depends to some extent on the kind of load on which the 
instrument is to work : for example, a very sluggish instrument 
on a lift motor circuit would give no indication of the maximum 
demand, for the load would be too intermittent. The con- 
sumption being ascertained from the meter, and the highest 
steady load in amperes from the demand indicator, the amount 
of the bill is ascertained from these quantities as follows : — 
Assuming that the rate is 6d. for the first two hours' consump- 
tion per day of the maximum demand during the quarter of 
91 days, and 2d. for all units consumed after this amount, and 
that the meter showed a consumption of 50 units, the pressure 
of supply being 100 volts, then, if the maximum demand, as- 
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shown by the reading of the demand indicator, be greater than 

or equal to 

50jmite x l^OO^ r _ 2 . 74 

100 volts x 91 days x 2 hours 

the 50 units would all be charged for at the 6d. rate, and 
the quarter's bill would amount to 25s. If, however, the 
maximum demand had not exceeded 2 amperes, and the same 
number of units had been consumed, then 

100 volts x 2 amperes x 2 hours x 91 days = «g.j lin ;+a 

UJ00 " 

would be charged for at the 6d. rate, and the balance, 50 - 36*4 
= 13-6, at the 2d. rate : 

36-4 @ 6d. = 18s. 3d. 
13-6 (a 2d. = 2s. 3d. 



£1. Os. 6d. 



The above examples show how the charge for a given con- 
sumption is modified by the maximum demand. 

The question of charging by this system, as also the method 
by which the theoretically correct prices to be charged are 
arrived at, is entered into very fully in a Paper read before 
the Institution of Electrical Engineers,* entitled " Some Prin- 
ciples underlying the Profitable Sale of Electricity/' by Mr. 
Arthur Wright. 

In order to facilitate the making out of accounts, maximum 
■demand indicators, which indicate the maximum amperes, are 
usually provided with a scale in addition to the one indicating 
amperes. This second scale is often calibrated to indicate the 
number of units to be consumed per quarter (or half-year or 
year, as the case may be) before the reduced price is charged. 
If there is any likelihood of the rate being altered, it is not 
advisable to have the second scale calibrated in this manner. 
It can then be made to indicate the maximum kilowatts used, 
or the number of 8 c.p. lamps used simultaneously on incan- 
descent lighting circuits. By altering the rate for winter and 
summer, for example, allowing the reduced rate to come into 
force after the consumption equivalent to the use of the 

* Journal I.E.E., Vol. XXXI., No. 155, pp. 441 to 530. Also The Elec- 
trician, Dec. 12, 1901. 
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maximum demand for, say, I J hours per day in summer, and for 
3 honra in winter, a more proportionate rebate is obtained, and 
in such cases it may be convenient to have two scales — one for 
summer and one for winter — calibrated in units to be consumed 
before the reduced price comes into force. In this case the 
winter scale woidd show double the number of units to the 
summer one for the same number of amperes. 

DOUBLE TAKIFF METERS. 

The Aron Two-rate Meter.— This instrument consists of an 

ordinary meter of this make (set Chap. IV., p. 95) coupled 







with a clock having slight additional mechanism, the whole 
being contained in one case. The meter portion of the com- 
bination is provided with two distinct sots of dials, one for 
indicating the number of units consumed at one rate of charge 
and the other for indicating those consumed at the second 
rate. Each set of dials ia thrown into, and out of, gear with 
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the meter by means of a simple change-over mechanism, to 
which is attached & pointer, which indicates at any time the 
set of dials on which the consumption is being recorded, 
Fig. 121 illustrates a meter of this make with the three doors 
open. The clock is seen in the right-hand compartment of the 
case and. the meter in the left-hand one. The meter illustrated 
is fitted with the springing figure dials {see Chap. II., p. IT), 
but the instrument is also made with pointer dials. The clock 
face, as will be seen from Fig. 122, contains, in addition to the 
ordinary time dial, four others. The upper one on the right 
is simply a seconds dial and is used in regulating the clock, it 




Fio. 122.— Clock Face of Aron Docslb- tariff Meter. 



being very essential that the clock keeps time accurately. 
The upper left-hand dial is divided into 12 spaces, each repre- 
senting two hours. The lower half of this dial is blackened 
and represents night, the upper half representing day. In 
setting the clock hands to the correct time this dial has to be 
consulted in order to ascertain that the clock is set correctly 
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to time, having regard to day or night For instance, in 
Fig. l'2'2 the clock is indicating 11:23 a.m., the a.m. being 
ascertained by inspection of the npper left-hand pointer. 
Should the clock be set 12 hours late, the evening-rate dials 
would record the day-rate units. 

The periods of the 24 hours during which the high and low 
rates are in operation is easily altered to suit varying require- 
ments by means of the hands on the two lower dials. These 
hands are turned in a counter-clockwise direction, as shown 
by the arrows, until they point to the beginning and end of 
the evening rate These two dials are also divided into the 
24 hours, and those parts of each between 6 p.m. and 6 a.m. 
are blackened so as to represent night In the dial illustrated 
the meter is set so that the evening rate commences at 7 p.m. 
and ends at 11 p.m. 

Very often the period during which the high rate is charged 
is altered for different periods of the year, depending on the 
time at which the station-load curve peak takes place. The 
alteration in this meter is extremely simple, all that is required 
being the resetting of the pointers on these lower dials to the 
altered times. 

A separate electric winding gear is provided for the ordinary 
clock. The meter pendulums are self-starting when the shunt- 
circuit is made, but the clock pendulum requires to be started 
by hand. The clock is provided with an auxiliary spring, 
wound by the same winding gear, which keeps the clock work- 
ing 40 hours after the stoppage of the supply, or other cause 
preventing the excitation of the shunt-circuit It is, therefore, 
essential either to connect the meter on the station side of any 
main switch liable to be broken or to run a pair of shunt 
leads from the meter to that side of the switch should the 
meter be connected on the house side of it. 

Should the current be off for a longer period than that 
stated above, it becomes necessary to reset the clock to the 
correct time and restart the clock pendulum of every meter 
on the particular circuit. These meters require to be fixed 
absolutely plumb, as indicated by the point of the clock 
pendulum being exactly over the fixed point just below it 

To regulate the clock it is necessary to turn a nut below the 
pendulum bob up or down the screw according as to whether 
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the clock is required to go faster or slower. About a quarter of 
x turn of this nut will make a difference of one minute per 
week or 13 minutes per quarter. The nut being purposely 
made to fit tightly on the screw, the pendulum should bo held 
firmly with one hand before attempting to turn the nut with 
the other. 

The Electrical Cos Double tariff Apparatus. — The Electrical 
Co. have introduced a tariff clock which is capable of being 
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used with any form of watt-hour- meter, aud so forming a double- 
tariff set. This clock is illustrated in Fig. 123, and shown 
diagrammatically in Fig. 124. It consists of a pendulum 
clock having its dial divided into 24 hour?, the part from 



r 
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G p.m. to 6 a.m. being blackened (Fig. 123). On the hour- 
hand barrel of the clock a smaller disc, similarly divided 
into the 24 hours, is fixed, and two sectors, A, B (Fig. 124), 
are also carried by the hour-hand barrel by which they are 
turned by friction, being loose enough to allow of setting. 
These sectors are provided with a red and a green pointer 
respectively, which indicate the times of switching on and 
switching off of the shunt current of a watt-hour meter. The 
consumption shown by this meter, therefore, indicates the 
number of units taken at the high rate. A. second meter, 
whose shunt is not interfered with by the tariff clock, is also 
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used and registers the total consumption, so that the difference 
between the consumption shown by the two meters gives the 
units consumed at the low rate. 

The sectors, which are one behind the other, as they are 
turned by the clock come up against light springs. These 
springs are fixed at their other ends to brass plates mounted 
on an insulating block. In order to reduce the friction between 
the sectors and the springs, which, if great, might interfere with 
the rate of the clock, the tops of the springs are fitted with 
very small glass tubes, which act as wheels rolling round when 
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they are in contact with the peripheries of the sectors. They 
also insulate .the springs from the clock. 

The time during which the shunt-circuit of the high-rate 
meter is made is altered by setting the red and green pointers 
to the horn's on the small dial at which it is desired that the 
high rate should start and finish, the red one being set to the 
starting and the green one to the finishing time. It is impor- 
tant first to set the tariff pointers and then set the clock hands 
to the correct time, otherwise it is possible to damage the 
spring contacts. For continuous-current circuits, the Elec- 
trical Co. mount one of their oscillating type meters (see 
Chap. III., p. 62), an additional relay and dials and a tariff clock 
on one board, the set being very neatly connected up, leaving 
only the insertion of the mains into the meter terminals when 
erected. In this case it is only necessary to have the one meter 
with two counting mechanisms. The additional counting mecha- 
nism is in circuit with the tariff clock contacts, and duplicates 
the reading during the time when the high tariff is in force. 

Hookham Double-tariff Meter. — This instrument is essen- 
tially a meter of the 1897 type (which has been previously 
described, Chap. III., p. 72), fitted with two sets of dials and 
pointers on the same dial plate, the upper set showing the 
units consumed during the low- rate period and the lower set 
those consumed during the high-rate period. The meter is 
intended to be used in conjunction with a time switch of any 
suitable make which is capable of making and breaking the 
circuit of a shunt solenoid contained in the meter. 

The last wheel of the meter train is mounted on a rocking 
arm, and until the circuit of the solenoid is made by the time 
switch, this wheel is held in gear with the first wheel of the 
upper (or low-rate) train by gravity. During the period when 
the solenoid is energised the wheel on the rocking arm is 
pulled out of gear with the upper dial train and into gear with 
the lower one, the rocking arm being worked by the core of the 
solenoid. 

As the high-rate period is invariably the shorter of the two t 
the solenoid is actuated during "this period in preference to the 
other, in order to keep the watt loss in the introduced shunt 
circuit as low as possible. If any break should occur in this 



ELECTRICITY METERS. 



circuit, therefore, the whole of the units would be recorded on 
the low-rale dials until the defect were found and remedied. 
Should the time-switch clock atop from any cause, the con- 
sumption might ho recorded on either set of dials depending 
od the time at which the clock stopped. 

MAXIMUM DEMAND INDICATORS. 

The Atkins on-Schattner Demand Indicator. — This instru- 
ment works on the electromagnetic principle. It consists of a 
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solenoid (through which the main current is passed) into which 
a core attached to a pivoted frame is sucked against the force 
of gravity. The upper portion of the frame, which is in the 
form of a sector, carries a sealed glass tube, which contains a 
number of balls in a viscous liquid such as oil or glycerine. 
The tube is mounted on an aluminium scale, as seen in Fig. 125. 
The upper part of the glass tube is curved to form an arc, the 
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centre of which is the axis of pivoting. The balance of the 
moving part is adjusted by a balance-weight screwed and 
locked to a spindle attached to the lower part of the moving 
frame which carries the core. A pin, forming the index for 
reading, is fixed to the top of the case ami stands in front of 
the scale of amperes marked near the rim of the aluminium 
sector above the curved portion of the tube. Before current 
passes the instrument is set so that the pointer is at the zero of 
the scale, and all the balls are in the curved part of the tube. 
As the highest point of the tube is to the right of the first ball 
none fall over into the straight portion. On the passing of a 
current the scale and tube are deflected to the right by the core 
being sucked into the solenoid; thus, according to the strength 
of the current, a certain number of ball 3 are carried over the 
highest point, i.e., the vertical through the centre of pivoting ; 
these balls, therefore, start moving, and slowly fall by gravity 
into the straight radial part of the tube. The damping depends 
on the viscosity of the liquid in the tube. 

The instrument is calibrated in amperes, and a table is 
usually placed on the scale giving the amperes and units to be 
consumed before, the reduced rate comes into force per ball 
found in the radial limb. Each tube contains about 20 balls, 
so that the range of the instrument is split up into the same 
number of steps. As the instrument has, therefore, a broken 
scale, the percentage accuracy depends on the number 
of steps as well as on the calibration. The percentage 
inaccuracy at the low readings may be fairly large ; for 
example, on a 30-ampere indicator the following may be the 
first jumps : — 

1 ball down 3 amperes. 

2 balls „ 6 „ 

3 >> n 8 „ 

the middle of the scale becoming more open giving a difference 
of 05 ampere per ball, or about 3 2 per cent., and at the end 
of the scale about 2 amperes per ball down, or 6'6 per cent. 

Fig. 126 shows the curve connecting amperes with the num- 
ber of balls down in a 30-ampere instrument. Each instrument 
is usually provided with two scales with tubes attached in order 
that the indicator may be reset without delay. The resetting 
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consists in taking the scale (to which the tube is fixed) off the 
frame and inverting it. The balls then slowly return from the 
radial leg to the curved portion, but, owing to the sluggish- 
ness, this would take some little time. Supports are, therefore, 
provided inside the door which hold the scale inverted. Placed 
on these supports it resets itself and is found ready at the time 
of the next reading, a second scale and tube being attached 
to the frame instead of the one just removed. A very neat 
arrangement is provided for fixing the scales to the frame which 
prevents any chance of their not being placed in the exact 
position. This demand indicator \s suitable for alternating and 
continuous-current circuits, but requires to be calibrated for 
the circuit on which it is to work. The cores must be laminated 
and the bobbins slotted in the case of the alternating instru- 
ments, to avoid the generation of eddy currents. 
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Fio. 126. — Calibration Curve of 30-ampere Atkinson-Schattner 

Demand Indicator. 



The instrument is made in various capacities, from 2 5 
to 1,000 amperes, the dimensions up to 50 amperes being 
7f in. x8in. x 2Jin., and in the larger sizes 9Jin. x 9| in. 
X3|in. 

The Fricker Demand Indicator. — Mr. G. C. Fricker has re- 
cently brought out a new demand indicator which works on the 
differential thermometer principle, and is remarkable for its 
extreme simplicity. It consists of a glass tube of uniform bore 
having two bulbs A, B (Fig. 127), one at each end. In order to 
make this illustration clearer, it is diagrammatic and not to 
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scale. This tube contains hydrogen, and is hermetically sealed. 
Before sealing, a small drop of mercury, C, is put into the tube. 
The bulb A is placed in a short spiral of bare wire through 
which the main current is passed. In the larger sizes this 
spiral is replaced by a strip of metal almost encircling the bulb. 
The normal position of the bead of mercury is over the entrance 
of the tube in the bulb B. It will be seen that when a current 
is passed through the spiral, the temperature of the gas in the 
bulb A will be raised above that of the gas in B, which is at 
the temperature of the surrounding air, and owing to the con- 
sequent increase of pressure in A some of the gas will be trans- 
ferred from A to B through the globule of mercury C, which 
acts as a valve. On the cessation of the current, the two bulbs 
will gradually attain the same temperature again, when the 
pressure of the gas in B will cause the globule to pass along 
the tube to a position, C, at which the pressure on either side 




* 



C 




Fig. 127. — Diagram of Tube in Fbicker Demand 

Indicator. 

of the mercury will be approximately the same. As the amount 
of gas transferred from A to B during the heating will depend 
on the current, the position C, which the mercury takes up 
when the temperatures of A and B again become equal, may be 
used as an indication of the current which had passed through 
the spiral ; that is to say, a scale indicating maximum amperes 
can be made having its zero near B and its highest point near A. 
(The left-hand end of C is usually taken as the indicating end.) 
To obtain the correct reading indicating the maximum amperes 
passed during any period (such as a quarter), it will be evident 
that the temperatures of A and B must be the same, thus it 
would be quite impossible to ascertain this maximum reading 
if any current were passing at the time, for the position taken 
up by the mercury will depend on the difference of the tem- 
perature of A and B. In practice, therefore, the following 
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procedure is necessary l>efore taking il reading: The tube is 


removed from its supports and the bulb A is placed in a 


hole in a sealcd-up vessel containing water. This water 


jacket is fixed to the end of the 


r -~* case near B, and will therefore 


'^il 1 Iff-- 1 1,e at t ' ie same temperature as 


this bulb — i.e., the temperature 
H^^^^^^^^^^^? of the .^ir. The bulb A is left in 


|ii^MI&ll tn ' a watei ' jacket for me minute 






which is stated to be ample 




[ '"'H 


£ time for the gas in it to attain 




practically the same temperature. 










h The position of the mercury is 




^H1- 






a then read, and tho instrument is 










"" then reset to zero by holding the 










B tube by the end A and giving it 




Hjl 






" a sharp turn in such a maimer 










5 that B passes along an arc of a 


^H'l 






= circle of which A is the centre. 




^H 






g The tube then being replaced, 


r 






a with A in the spiral, the instru- 










& ment is again ready for working. 










g The case which encloses the in- 










| stniment is fitted with a device 








o which automatically allows the 




|[* TCH all ? spiral to j^i'ip the bulb when the 


Id^W! TrVfl E ^ l ' oor ' s s ' mt > anL * rB ' easea tn ' s £ r 'p 


tjlglr ^ on the door being opened, thus 


Ij cc facilitating the removal of the 


1 "^ tube without, fear of breakage. 


B^ ^~j | In Fig. 1 2S, which illustrates an 


S^ instrument of this make, this 


device is seen. It consists of a 


wedge which presses between two 


brass springs to which the ends 






of the heating spiral are attached. 






The scale of the instrument is 


firmly fixed to the tube. The 


water jacket is attached to the inside of the right-hand end of 


the case, which is hinged to allow of the removal of the tube 

- 
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and the insertion of the heated bulb into the hole provided for 
it in the water jacket. 

The calibration curve of a demand indicator of this make is 



seen in Fig. 129. 
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Fig. 129. — Calibration Curve of Frickeb Demand Indicator. 

The Reason Mfg. Oo.'s Demand Indicator. — This company 
manufacture three types of demand indicators — viz., the 
electro-magnetic type, the Wright demand indicator, and an 
instrument devised by Mr. C. H. Merz, which is chiefly in- 
tended for use in connection with supply-in-bulk schemes. 

The electro-magnetic type of instrument consists of a sealed 
glass vessel of the peculiar shape seen in Fig. 130, mounted on 
a zinc plate suitably pivoted and to which is attached a core. 
The main current is passed through a fixed solenoid into which 
the core is attracted, so tilting the glass vessel and allowing a 
certain amount of the liquid to pass through the narrow-bore 
tube A into the long tube. The greater the angle through 
which the tube is turned by the action of the current on the 

N 
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core, the higher will the level of the liquid be in the long tube. 
The height of the lipoid in this tube, therefore, is a measure of 
the nuTiroaip current. A scale is fixed to the plate as seen in 
Fig. 131, which is a view of a 200-volt 5-amp. instrument with 
its cover removed. The right-hand scale indicates the maximum 
current in amperes used, and on the left of the tube is a scale 
indicating the number of units to be consumed during the 
quarter before the reduced price is charged, i.e., the number 
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of units which will be charged for at the high rate. In the 
instrument illustrated this scale is plotted for 1 hour's use per 
day of the maximum demand. 

A counterweight fixed on an arm attached to the moving 
system enables the reading tube to remain vertical when no 
current is passing, and sufficient liquid is put into the glass 
vessel to allow a little to overflow when in this position, giving 
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a zero mark. In erecting the instrument, the proper level is 
ascertained by the arrow on the bottom of the reading tube 
and the index fixed to the case. During transport the moving 
system is clamped by the screw and washers, A (Fig. 132) which 
are removed and screwed into a tapped hole, B, in the case to 
prevent their being lost. The plate holding the glass vessel is 
supported on a brass bracket (seen in Fig. 133) by a spindle I) 





Fra. 130. 
Tore or Bubon Electbo- 
magnktic Drawn) Indicator. 



(see also Fig. 132), about which it is capable of being turned 
in the direction of the arrow, when a thumb screw, C, is 
removed for the purpose of resetting to zero. When the reading 
tube has been emptied, C is replaced and holds the plate rigidly 
fixed to the supporting bracket. The whole moving portion is 
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supported by the steel spindle, the ends of which are turned to 
a small diameter and rest in bearing holes. 

Lock Nut 

Lock Nut 

. Brass Collet 

-> SUel S pindle 




A typical calibration curve 'of this instrument is Been in 
Fig. 1 34, which shows that the instru ment may be made to have 
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a fairly proportional scale, but, by suitable adjustment of the 
counterweight arm and core, a scale more open at one part can 
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be obtained The sluggishness is increased or diminished by 
reducing or increasing the diameter of the tube, A (Fig. 130). 
Atypical time curve is shown in Fig. 135. It is stated that 
the instrument can be made to reach its steady reading in any 
time between five minutes and three hours. 

A short-circuit has no ill effect on the instrument, as springs 
are provided to take the shock of the moving system which 
might otherwise damage it. These demand indicators are 
made in sizes from 5 to 100 amperes with drops varying from 
0-43 to 0-03 volts. 

The Wright maximum-demand indicator works on the prin- 
ciple of the differential thermometer, and consists of a glass tube, 
LL, Fig. 136, which is provided with a series of traps in each leg 
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Fig. 136. — Diagram showing Connections and Tubes of Wright 

Demand Indicator, 



and terminates at each end in a bulb. These bulbs have, ap- 
proximately, the same capacity, and one, HC, has wound round 
it a spiral or strip, through which the main current is passed ; 
the U tube contains a moderately viscous and very hygrosco- 
pic liquid, which keeps the air dry in the two bulbs. A tube, 
R, called the reading tube, is branched off from the right-hand 
limb of the U tube, and as the air in the bulb around which the 
heating coil HG is placed expands the level of the liquid is 
raised in the right-hand tube and some overflows into the 
tube R. The height of the column in R is a measure of the 
current passed through the coil, a scale being placed behind R, 
as seen in Fig. 137, which illustrates the latest pattern of this 
instrument with its hinged cover open. The glass-tube system 
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is clamped to a board, the latter being hinged at the upper 
end. Flexible leads carry the current from the fixed terminals 
(seen at the top of Fig. 137) to 
the ends of the heating strip. 
4^ The instrument is reset to zero 

by raising the bottom end of the 
board, carrying the tubes, about the 
hinges, so that the lower end is 
above the upper. The liquid then 
nine out of the reading tube into the 
right-hand bulb. 

After the reading tube has been 
emptied in this manner, the board is 
brought down to its normal position, 
the liquid in the right-hand bulb at 
once falls into the right-hand tube, 
and that above the junction of the 
reading tube falls into it, filling it up 
to the zero mark, usually denoted 
by a red line on the scale. The 
traps, which consist of long glass 
cones, each having a hole in 
its apex, prevent the bulk of 
the liquid from shifting during 
resetting, and the passage of air 
from one bulb to the other when 
travelling or while being reset 
when hot. 

The instrument, working as it 
does on the thermal principle, is in- 
dependent of polarity and is suitable 
for both alternating and continuous- 
current circuits without recalibra- 
tion. It is practically unaffected 
by differences of external tempera- 
ture, since its action depends on 
the difference of the temperature 
of the two bulbs, which contain about the same volume of 
air and are at the same temperature when no current is 
passing. 
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A typical calibration curve is seen in Fig. 138, which shows 
that a fairly open and proportional scale is obtained between 
one-fifth and full load. 
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The sluggishness of the instrument is seen in Fig. 139, from 
which it will be noticed that it is very much the same for all 
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loads. On the instrument becoming cold after the cessation 
of the current, the level of the liquid in the right-hand tube 
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falls below the junction of the reading tube, and therefore 
when a stronger current is subsequently passed it takes a cer- 
tain time to rise to this point, until when the reading is 
naturally not affected. 

Above 100 amperes capacity the demand indicator is used 
■with a shunt, as illustrated in Fig. 140, but for alternating- 
current circuits the transformer type (Fig. 141) is to be pre- 
ferred, especially on high- pressure circuits, as the instrument 







Capacity, 300-1.000 



is insulated from the circuit, an important feature, owing to 
it having to be handled for resetting to zero. 

The indicator, boing a current -measuring instrument, takes 
no account of the power-factor of the circuit, so that on induc- 
tive circuits the lower the power-factor of a given true kilowatt 
demand, the greater will be the number of units to be consumed 
before the rebate is given. 

For three-wire circuits a shunted instrument is used in 
the same manner as the Wright electrolytic meter, which is- 
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described in Chap. III., p. S8, the heating coil of the demand 
indicator being connected to the two ends of the divided shunt. 
Here, as in the case of the meter, it is necessary that the cir- 




Fig. 141.— Wright Dem.im> Indicator. Transformer Type. 

cuits are split up into two 2-wire circuits on the house side of 

e instrument (see Fig. 69, p. 89). 

Notwithstanding the introduction of the traps previously 
ref erred to, air bubbles may get lodged underneath the liquid,. 
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and under the severe jolting which may be encountered on a 
railway journey in some cases air may be transferred from 
the one bulb to the other, which alters the zero and causes 
inaccuracy in the readings. 

Bubbles can be brought out from the liquid into the air bulbs 
by heating with a spirit lamp that bulb to which the bubble 
is to be returned, until the level of the liquid in the tube is 
lowered a certain amount, care being taken to heat gradually 
or the glass will be cracked. The scale should be previously 
removed. On cooling, the bubble will be drawn up with the 
liquid and will return to the bulb. If a first attempt proves 
fruitless the bulb should be reheated, the level of the liquid 
being driven down slightly lower than at the first attempt. 
The zero is raised or lowered by transferring a certain amount 
of air from the right to the left, or from the left to the right, 
bulb respectively. To perform either of these operations it is 
necessary to heat the right-hand bulb — i.e. 9 the one which does 
not carry the coil — by heating this bulb with the instrument 
upright until the level of the liquid is driven down to the nar- 
row part of the tube just above the trap, and then turning the 
instrument upside down ; as the bulb cools bubbles of air pass 
through the first and then through the second trap in the oppo- 
site leg, and thus rise to the bend, which is now on top. 

When what is estimated as sufficient air has collected in the 
bend, the instrument is turned the right way up again, at the 
same time coaxing the air bubbles round the bend — i.e., under 
the tube through which they are required to rise — they will 
then rise through the lowest trap on that leg. On again heat- 
ing the bulb and letting it cool in an upright position, the 
bubbles will pass up through the second trap, enter the bulb, 
and the zero will have been lowered. 

To transfer air in the other direction and so raise the zero, 
the same bulb is heated, but with the instrument upside down, 
until the required amount of air has been driven up into the 
bend. By turning the instrument the right way up again, and 
by rocking, the air can be brought under the trap in the left- 
hand limb. Further heating will then cause the bubble to 
pass through the traps and enter the left-hand bulb. 

When the instrument is again cold, if the right amount of 
Air has been transferred, the zero will be about right. It is, 
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of course, necessary to teat after these operations, and should 
the instrument not be within the limits of accuracy, the sole 
can very often be raised or lowered a sufficient amount to 
correct the errors. 

The Merz demand-indicating apparatus consists of an attach* 
ment to an ordinary ampere-hour or watt-hour meter of the 
motor type. If attached to a watt-hour meter, the apparatus 
indicates the maximum number of watt-hours taken during a 
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definite period, which is determined by a resetting mechanism 
worked by a clock. This resetting mechanism in no way 
interferes with the reading of the demand attachment, but only 
reacts a wheel carrying a driving pin. Should the period 
between the times of resetting be one hour, the indicator 
reading is proportional to the maximum number of kilowatts 
taken during any one period of one hour since the previous 
reading and resetting by hand of the pointer to zero. The 
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apparatus integrates the load curve for each period of one hour, 
and the maximum value of these integrals is what is indicated 
by the pointer ; consequently peaks of short duration are only 
taken account of to the extent that they help to swell the 
number of watt-hours taken during the period in which they 
occur. Fig. 142 illustrates the mechanism of this indicator. 
Its first wheel, A, is geared to a convenient wheel, B, of the 
meter train, and thus a spindle, D, is driven by means of the 
change wheels 0. The spindle D carries and drives a sleeve 
upon which is fixed a ratchet wheel, G, worked by the paul H, 
and a pinion, X, which carries a driving pin, F. The pin F 
engages with another pin carried on a toothed disc mounted on 
the spindle carrying the pointer T. A pawl, P, holds the 
toothed disc, and, consequently, the pointer in the maximum 
position prevents its reading being altered at the times when 
the wheel X carrying the driving pin is set back to zero by 
means of the arm R and the quadrant rack Q. 

This resetting arm R is worked by the cam K (rotated by 
the clock) and the spiral spring S. If the cam spindle makes 
one revolution per hour, R is released and sets X to the zero 
position once every hour. The change-wheel ratio is so chosen 
that at the full-load speed nearly one revolution of T would 
take place in the hour. The pointer is set to zero, after having 
been read, by releasing the pawl P and turning it back to the 
stop. As the cam is so placed that the arm R is ahead of the 
quadrant at full load, there is no friction introduced by the 
resetting mechanism. 
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TRAMCAR METERS. 

With the rapid increase in the number of electric tramway 
systems, it is surprising that there are so few types of meters 
designed to record the energy supplied to the cars. The pro- 
vision of a meter on each car is an excellent check on the 
motor man. For the measurement of the energy supplied to 
traction feeders no modification in the design of the ordinary 
switchboard-type meters is necessary so long as they are 
capable of measuring the consumption accurately with very 
fluctuating loads, but the conditions under which a meter 
erected on a car has to work are very different to those 
under which the ordinary house meter performs its task. 
The constant and violent vibration to which car meters are 
subjected would soon cause meters of the ordinary type to 
get entirely out of order. The nature of the load, also, is so 
very different. Meters on cars are not called upon to register 
very low loads, and, therefore, low-load accuracy, which is such 
an important factor in the case of meters for lighting circuits, 
can be neglected, but they require to be capable of registering 
accurately on, and carrying, overloads without sustaining any 
injury. The three types of car meters illustrated in Figs. 143, 
144 and 145, are all modifications of ordinary meters of the 
same makes which have been previously described. 

The Aron Car Meter. — In the Aron car meter, seen in 
Fig. 143 with its cover removed, it will be noticed that the 
axes of the main coils are horizontal instead of vertical, as 
in the ordinary meters of this make, and that the meter has 
only one moving shunt coil, which is carried by the spindle A. 
The clocks are controlled by balances instead of by pendulums, 
the rate of one of these is affected by the action of the main 
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current on the about coil, whilst the other works at a uniform 
speed, being controlled by ita hairspring B. 

In order to prevent registration on no load, or creeping, a 
coil C, which is wound oppositely to the main coils and through 
which the shunt current is passed, causes a slight backward 
torque to he exerted, which would cause the meter to register 
backward* on no load. This is prevented by a mechanical 
device in the shape of a pawl which prevents the recording 
train working in the backward direction. 



, 







The Bastian Car Meter. — The Bastian car meter is very 
similar to the ordinary Bastian meter. The only difference in 
the meter itself is that the level of the electrolyte at the zero 
mark is not bo near the top of the tube, the zero mark being 
about 4 in. from the toj>. Being an ampere-hour meter, no 
account is taken of the pressure of the circuit. The case is 
slightly different in form, as will be seen from Fig. 144. It 
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consists of a cast-iron top with a copper aheath enclosing thu 
tube. The meter is fixed by means of four screws, which pass 
through the top plate. This meter is made for 500-volt circuit* 
Mid of 50-ampe"re capacity. The range of the index is S00 
Board of Trade units, eaeli division being equivalent to 5 units. 
The meter would probably require refilling aliout once a week, 
mil, since this would necessitate frequent handling, it should 
lor safety ba connected into circuit on the earthed side at such 
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a point that the lighting current does not pass through it. The 
length of the meter over all is 15 in. 

The Thomson Car Meter. —The Thomson car meter is also 
a modification of the ordinary meter of this make, and an 
interior view of this meter is seen in Fig. 145. The chief 
points of difference between this meter and the ordinary meter 
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are in the weight of the moving system (which in this case is 
reduced to St* grammes), the low resistance of the armature 
winding and the introduction of iron in the field to increase 
the torque, which is about 11 gr. cm. The moving system ia 
supported by a spring-seated jewel which is designed to reduce 
breakage or roughening of the jewel to a minimum. The 
pivot is also removable. 

Owing to the fact that low-load accuracy is not essential, the 
brush tension is made greater than usual, with a view to pre- 
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vent sparking, which would bo caused by the large amount of 
vibration to which such meters are necessarily subjected in 
service. 

The armature resistance is only about 30 ohms in this meter, 
and the armature has a resistance of 10,000 ohms in series with 
it. The drop from brush to brush, therefore, is only about 
1-5 volts ona 500- volt circuit and the shunt current 0'05 ampere. 
The meters are made in sizes from 25 to 200 amperes at 
500 volts and are constructed to stand heavy short-period 
overloads or an overload of 25 per cent, for several hours. 
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CHOICE OF A TYPE OF METER. 

The choice of a type of meter to be adopted is either the 
simplest or the most difficult task, according to the way the pur- 
chaser sets about it. To advertise for tenders for the supply 
of meters for 12 months, to find out the lowest price quoted, 
and to adopt the cheapest type, must be admitted to be a fairly 
easy operation. To decide on the type from the merits, even 
when samples are submitted, is by no means so simple. It 
then becomes a matter of experience and testing. 

Experience is of great importance, as generally there is no 
time for a complete test to be made before a stock is required. 
The ordinary tests can be made quickly, but what are really 
required are long time tests, carried over several months, 
under actual working conditions. It is only thus that the 
majority of defects are discovered. 

The nature of the supply, of course, reduces the number of 
types available to choose from, the meters suitable for both 
alternating and continuous-current circuits being placed in 
both lists. If several types prove equally accurate, and there 
is the same probability of their accuracy continuing, then it 
becomes simply a matter of cost and size. In towns, where 
often very little space is available for the erection of a meter 
on the consumer's premises, it is surprising what an important 
factor the size of a meter becomes. Frequently there is no room 
to fix a large meter, but just room enough for a smaller one. 

Then noise must be thought of. Induction and clock meters 
are most usually the ones which are " noisy." Some induction 
meters emit a faint hum when the shunt circuit is connected 
to the supply. This hum may be imperceptible in the test 
room as in the daytime there is sure to be a certain amount of 
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noise, and this tends to drown the more insignificant sound 
caused by the meter, but it must be remembered that in nearly 
every case the shunt of the meter remains in circuit during the 
night, and a sound which would be unnoticed during the day 
becomes a very apparent one at night. The above remarks 
apply more particularly to flats than to other classes of build- 
ings, the meters in flats having necessarily to be fixed near to 
the bedrooms. In this class of dwelling also it is sometimes 
difficult to find a solid wall on which to fix the meter ; a lath- 
and-plaster partition forms a very good sounding board, and 
consequently magnifies the sound. 

In clock meters the trouble is caused not so much by the 
ticking as the periodical noise due to the winding gear. Most 
clock meters are fitted with electrical winding gears. The 
makers have, however, striven to make them as silent as pos- 
sible, and great improvement has been made in these devices 
of late. 

To some the above points may seem trivial and their con- 
sideration unnecessary, but actual cases have occurred in prac- 
tice where meters have had to be replaced by those of other 
types on account of complaints being made by consumers. 

Among the many points which a good meter should possess 
the following are prominent : — 

1. Accuracy. — Accuracy is most essential, and a meter should 
be accurate within a small percentage from the very lowest 
load to its maximum capacity, and even to an overload of 20 
to 25 per cent. With small sizes it is possible to obtain this 
accuracy, as the smallest load is not so small a percentage of 
the full load. An 8 c.p. lamp may be assumed to be the 
smallest load on the great majority of meters on circuit, as it 
does not frequently happen that 5 c.p. lamps are so installed 
that each is controlled by a separate switch. With meters of 
large capacity the accuracy at the lowest load is seldom good. 
Even if they start registering when one or two lamps only are 
switched on, the inaccuracy is very great. A really good meter 
should have a " curve " which is a straight line starting from 
the lowest load. 

2. Permanence. — The accuracy of the meter should remain 
permanent for a considerable period, and to attain permanence 
the following points are essential : — 
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(a) Minimum mechanical friction and consequently minimum 
compensation for mechanical friction. 

(b) Permanence of brake. In a great many cases a Foucault 
brake is used. In this brake, as is well known, a disc of metal 
fixed to the moving portion of the meter runs between the poles 
of a " permanent " magnet or magnets. The motion of the disc 
in this field causes eddy currents to be set up in the disc, which 
cause a resistance to motion proportional to the velocity. The 
permanence of the magnets is, therefore, absolutely essential 
and depends upon the manufacture, ageing and design. 

3. Good Mechanical Construction. — Upon the mechanical con- 
struction of a meter depends a great deal. A meter cannot be 
too well made, and often sufficient attention is not paid to this 
point by makers. This is principally noticeable in the re- 
cording gear. All meters, with the exception of electrolysis 
meters, are provided with wheel trains, for the purpose of 
recording the energy passed through the meter. If these 
wheel trains are not well made they are likely to have stiff 
places. This is one of the worst faults a meter can have, as it 
is one which is most difficult to detect. 

The dials should be bold, as the readings often have to be 
taken in very imperfect light, or from a distance from the 
meter. 

The arrangement of the case is also important. It should be 
absolutely damp-, insect- and dust-proof, and should be capable 
of being sealed efficiently on leaving the test room. There 
should be a " terminal box " or cover over the terminals, to 
enable the meter to be connected up on circuit without break- 
ing the seals of the main cover. This terminal box should also 
be capable of being sealed after the mains are inserted in the 
terminals in order to prevent the meter from being cut out of 
circuit. 

The case should be strong, and the whole mechanical con- 
struction should be such that it will allow the meter to stand 
a fair amount of rough usage without affecting its accuracy. 

The arrangement of the terminal box is of importance. The 
mains should enter at the side or bottom, but not at the back. 
It should be easy to take out the mains without taking the 
meter down, in order that the standard instrument may be 
easily inserted when testing in situ. Meters as a rule are 
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erected by wiremen, and very probably are not too carefully 
handled between the time they leave the test room and when 
they are fixed in the consumers' premises. 

Where a jewelled footstep bearing is employed, upon which 
rests the moving portion, convenient clamping gear should be 
provided to lift the moving portion off the jewel during trans- 
port. This clamping gear should be as simple as possible, and 
preferably it should be worked by the screwing up or unscrew- 
ing to a definite amount (made positive by a stop both ways) 
of a single screw. 

4. Small-voltage Drop and Shunt Current and, 5, High Torque. 
— The drop in the main coils should be as low as possible, as 
this drop or fall of potential interferes with the regulation, 
being greatest at high load when the drop in the house wiring 
is at its worst. The drop varies with the size of the meter, 
being greatest in the smaller sizes, and diminishing as the 
ampere capacity increases, due to the fact that fewer turns are 
required in meters of large capacity to create a similar torque. 
The loss in the shunt circuit should also be small, but it by no 
means follows that the meter with the smallest shunt loss 
should have the preference. Assuming that the shunt watts 
are reduced at the expense of the torque, it may happen that 
the meter having the small current in its shunt has its torque 
to reduced that mechanical friction at verv low loads will 
become important, and so alter the curve of the meter in this 
region. As a compensation, more compounding will be required 
to balance the friction, and under such conditions vibration — 
due to street traffic or other external cause — will have much 
greater effect, trouble being consequently given by the meter 
" creeping " or registering with no main current passing. 

The shunt watt loss, in the case of meters having shunt cir- 
cuits, does not seem to the writer to be nearly so important as 
it is usually considered. It is true that it is going on during 
the whole 24 hours, and that with many meters on circuit it 
adds up to a large number of units per annum ; but it is a 
very difficult matter to estimate what these units actually cost. 
Certainly mains and station charges (exclusive of coal) do not 
enter into their cost, for the mains need not be any larger, and 
the shunt watts of meters cause no appreciable additional drop, 
even at maximum load. It is extremely probable that no more 
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coal is burnt to supply these watts than would he burnt if they 

were non existent. When the station load is very light the 

slight load caused by the shunt watts certainly does no harm, 

and at full-load they form so small a percentage of the total 

output that they become insignificant. Now, the cutting down 

of the shunt watts in a meter also means, in a great many cases, 

the reduction of the torque. The more this is reduced the 

more important it becomes that the friction of the moving 

parts — be it solid or fluid — should remain constant. A slight 

variation of this friction has a greater effect if the torque is 

small than if it is large ; the consequence is that at light loads 

an increase of the friction with time will cause a meter to 

under-register to a much greater extent than if the torque 

had been made large. 

6. Temperature Error. — The accuracy of a good meter should 
be unaffected by variations of temperature. Most meters are 
affected by change of temperature to a certain extent ; the 
smaller the temperature coefficient the better. Generally speak - 
ing, meters over-register at high and under-register at low 
temperature if calibrated at a mean temperature. 

It is very advantageous that a meter should be capable of 
showing its working state. Motor meters possess this advan- 
tage. A window is usually fitted so that the main moving part 
can be seen without removing the case. This enables the 
meter reader to try the meter for starting by simply switching 
on one lamp. From the manner in which the meter starts and 
runs, a rough estimate can be made of its condition after some 
experience. 
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ARRANGEMENT OF A METER DEPARTMENT. 

Considering the important part which meters play in the 
work of an electricity supply undertaking — the whole revenue 
being determined by them — it would seem that the provision 
of a convenient and well-fitted testing department should be 
of the greatest importance. This, however, is not always the 
case. Very often a room, badly lighted, in a corner of the 
station, for which no other use can be found, is the spot con- 
signed for this work, quite apart from its suitability. The 
conditions which are necessarily imposed upon a meter cause 
it to be a delicate instrument, and railway travelling by goods 
train is a great ordeal to apparatus much stronger in construc- 
tion than meters ; consequently, the overhauling and testing of 
every meter is essential before it is fixed on consumer's premises. 

Anyone who has had anything at all to do with making con- 
nections for electrical tests knows what a large amount of time 
is taken in preparation; and upon the planning out of the 
whole department the efficiency, or capability for turning out 
of work, depends in a great measure. It is impossible to lay 
down hard-and-fast rules, as the space available must differ in 
each case, but as far as possible it is advisable to arrange the 
various rooms in such a manner as to enable the meters to be got 
at easily, either for testing, repairing or cleaning, or for sending 
out on circuit. Care should be taken in the selection of a site 
which is quite free from vibration, either from the machinery 
of a station or from traffic in the road, otherwise it becomes 
very difficult to test at low loads. The rooms if possible should 
be rectangular and well supplied with daylight. The artificial 
lighting should be carried out carefully with a view to having 
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the apparatus under test well illuminated without trying the 
eyes of the tester. Cleanliness in a test room being essential, 
the design should be such as will enable this to be attained 
with the least possible trouble. The floors should be firm and 
clean. The best floor is one of concrete with parquet flooring 
over. Such a floor is easily kept clean, and forms an insulated 
flooring, which is very desirable, especially where high-pres- 
sure work has to be done. 

As regards the warming of test rooms, this should be effected 
by means of electric radiators, hot water pipes, or some other 
form of clean heating appliance, but open fire grates should be 
avoided, as they are sure to be dirty. 

The wiring is best carried out by running all leads in 
culverts round the walls of the room. These culverts may 
be iron troughs let into the floor with chequer plate covers 
in 4 ft. or 5 ft. lengths, flush with the floor. Both lead 
-and return being run in the same iron trough prevents any 
inductive effect being felt by the testing instruments. The 
covers should be easily removable, when all leads are acces- 
sible, and any further leads, either temporary or permanent, 
can be put in ; the general neatness of the rooms is in this way 
not affected by temporary or permanent additions. Where 
leads have to cross a doorway, a short length of pipe can be 
sunk in the floor and the mains drawn through. This also 
applies to other places, such as where the mains have to be 
brought to the test tables (see Fig. 146). 

The arrangement of a testing department is shown in Fig. 146, 
from which it will be seen how the various rooms are arranged. 
In addition to the rooms shown, a yard on a level with the 
street is required, where the crates of meters delivered from 
the makers can be unloaded and unpacked. Here provision 
should be made for gently hoisting the crates from the carts. 
If the unpacking is done in the yard it avoids all litter getting 
into the testing department. The meters then pass the office 
on the way to the store, the numbers and other particulars 
being duly entered. Returned meters also come in in the same 
way, and when entered they also pass into the store. 

It will be seen that the store is easily accessible either from 
the te3t rooms, repairing room, or office, and thus the carrying 
about of meters is minimised. 
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The routine is as follows : A batch of meters of a certain size 
are taken from the store, erected and connected up on one or 
other of the test tables. On the completion of the test they 
are taken into the repairing room for the purpose of being 
sealed up, when they again enter the store and are placed on 
the racks kept for " tested " meters, which are preferably those 
near the office. Meters as required can then be taken from the 
" tested " racks, in the order in which they have been tested, 
and sent out on circuit. 
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Testing Department. 



Wiring. — The system of wiring of the test rooms depends 
upon several things, such ss the type of meters employed, the 
-output of meters required, the nature of the supply current, 
and the pressure a* which it is decided to supply the main 
■current for testing. In all probability both watt-hour and 
Ampere-hour meters are used. In alternating-current work 
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provision for the testiDg of watt-hour meters is sure to be 
necessary. In order that connections suitable for various tests 
may be made quickly, a connection board will be found a 
necessity. Such a board should be well made, as it will be in 
constant use. " Mercury-connection boards "—i.e., blocks of 
wood covered with mercury wells, and in which combinations 
of connections are made by dipping I i-shaped pieces of 
copper into various wells— should be strictly avoided. Mercury 
can never be kept in its place. 

A testing-circuit board designed by the Author, which has 
soen some years' service, is shown in Fig. 147 and diagram- 
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matically in Fig. 148. As will be seen, it is entirely a plug 
board, the circuits being broken by switches on the testing tab'es 
themselves. It is designed for four complete testing circuits. 

For small test rooms, with not more than that number it is 
extremely convenient. It is composed of four groups of main 
bars 1£ in. by i in. and two groups of shunt bars J- in. by f in. 
Each group is composed of four vertical bars bolted on to the- 
face of a marble slab 1 in. thick, and four horizontal bars bolted 
on to the slab at the back. Any vertical bar can be connected 
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to any horizontal bar in the group by means of plugs which fit 
tapered holes in the front bars and screw into the back bars. 

The plugs for the small (shunt) bars are tapered where they 
make contact in both the front and back bars, and, in order 
that good contact may be made in both cases, a saw cut is run 
half-way up the plug, as shown in Fig. 149. 

The connections are as follows : Each main circuit is split 
op into four parts, (1) supply, (2) standard instruments 
(Kelvin balance and ammeter in series), (3) resistance, and 
(4) testing tables. 



(-»— W*A*\WAV^-| 




Fig. 148.— Connection Boaiid for Testinq Ciscvith. 



Referring to Fig. 148, the "supplies " are taken to tho four 
lower main horizontal bars ; the three lower ones arc alternating 
current, each being supplied by a transformer. By suitable 
arrangements in the primary circuits of these transformers, all 
can be fed from the same circuit, or each can be supplied with 
current of different periodicity or any two can be connected one 
to each phase of a two or three-phase supply if necessary. 
The highest of the bottom group is fed with continuous cur- 
rent. To the left-hand vertical bars are connected the standard 
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instruments (watt and ampere balances), one to each bar. 
These bars allow of being short-circuited by means of plugs, 
thus short-circuiting the several balances. The top horizontal 
main bars are connected to several Fleming non-inductive re- 
sistances, and between the right-hand vertical main bars the 
testing tables are inserted. 

In Fig. 148 only one of each of the circuits is shown wired, 
the others all being similar. Although any table can be put 
on any current with either balance and either resistance in- 
circuit for ordinary testing, yet the plugging remains simple, 
for the plugs always form the four corners of an imaginary 
rectangular figure. To make this clear, a completed circuit is 
made up, assuming plugs have been inserted in the shaded 
holes (Fig. 148). In this example, table No. 4 is connected up 
to alternating supply, with balance No. 1 and 
resistance frame No. 1 in circuit 

If required, all these transformers can be paral- 
leled and all three resistance frames also paralleled 
on to one table through one or more balances. 

By using pairs of plugs connected together with 
" flex," balances can be put in series for com- 
parison ; tables can be put in series for runs for 
dial readings; or the Fleming resistance frames 
Fig. 149. can be cut out of circuit for the purpose of subject- 
fob | n g njg^pg ^0 a dead short-circuit. 

The horizontal shunt bars are fed as indicated 
(Fig. 148) with alternating and continuous cur- 
rent at different voltages; and the vertical bars feed the 
various table and balance shunt leads, care being taken that 
no appreciable drop takes place between the table and 
the balance. In Fig. 148 the table shunts would be fed with 
200 volts alternating if the plugs be inserted in the blackened 
holes. 

The main circuits are at 100 volts, aud it has been found a 
great convenience to test on this pressure. Several meters 
•can be connected up in series and still be tested on a power 
factor very nearly approaching unity; moreover, the shunts 
are fed from the same transformer. In the case of 200 volt 
meters, the two top transformers are connected in series by 
means of plugs and cords, as shown by the dotted line in 
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Fig. 148, leaving the bottom transformers capable of being 
paralleled if necessary. 

These circuits are, however, not used above 100 amperes, 
the great majority of supply meters having a much lower 
amperage. Larger meters, up to 2,000 amperes capacity, are 
tested on a special circuit not connected to the board. 

Such an arrangement of the testing circuits as the one just 
described is rather extravagant in wiring unless the board is 










Fro. 150— Wirino of Tabu Boards. 



in a fairly central position, but the advantage of being able to 
make so many combinations is very considerable. 

For larger test rooms, where the testing can be specialised, 
and where there is enough work to always keep certain tables 
or testing racks occupied with meters up to a definite size, a 
simpler method of wiring is that shown in diagrams 150 and 
151. In this arrangement — which with its boards the Author 
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designed for the Metropolitan Electric Supply Co.'s testing 
department — the various test tables have their own standard 
instruments, resistances and switchboards, each set being inde- 
pendent of the others. 

Taking the main-current circuits first, and starting at the 
plug bars at the top (Fig. 150), alternating current is taken to 
the lowest bar but one on the right, A + , and continuous 
current to the lowest, D + . The top plug bars are for insert- 
ing one or other of the ammeter coils. It is convenient to 
provide double-range ammeters, the one range 10 times that of 
the other. If this portion of the wiring be traced, it will be 
seen that a plug inserted in the right-hand top hole puts the 
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Fig. 151. — General Arrangement of Wiring to Table Boards. 

high-range ammeter coil in circuit, whilst simply removing the 
plug to the other upper hole connects up the low-range coil of 
the ammeter. It may here be mentioned that in alternating- 
current work ammeter coils must not be short-circuited, other- 
wise the readings will be upset owing to the transformer action 
of the one coil on the other. Assuming the plug is in A + and 
the corresponding hole A (on the left), the circuit would be as 
follows : Alternating current would pass from A + through 
one or other of the ammeter coils (according to the position of 
the ammeter plug) and the Kelvin- Watt balance to A, then 
through the Fleming non-inductive resistance to the test table 
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terminals + , through one or the other or both sets of meters 
on the two " half " tables, and thence to the mid point of one 
or the other of the two throw-over switches. The switch 
being on to the top contact, the current returns to A - . 

For continuous current the plugs would be taken out of 
A + , A, and put into D + , D, and one or the other of the 
switches put to the down position, from which the current 
returns to the negative pole. 

The continuous current is taken from a battery at low volt- 
age ; thus the Fleming resistance is not required, and conse- 
quently is left out of circuit when on continuous current. In 
both cases the current is regulated by means of a carbon rheo- 
stat placed in a handy position at the table. 

The blocks, marked T, of the plug bars are for comparing 
the standard instruments, and will be explained later. 

The pressure circuits are arranged thus : Current at various 
voltages — alternating and continuous — is supplied to the right- 
hand segments of the lower double-pole volt switch S, and 
leaves at the left-hand segments of this switch. 

According to the position of the switch, its bars are charged 
with the different currents and pressures. The right-hand bar 
is connected through a fuse to a Wirt rheostat with a short- 
circuiting switch (the rheostat being on the table). Here it 
splits up, passing through switches to (1) the shunt-circuits of 
either table, (2) voltmeter, (3) balance shunt. (1) Passing 
through the meter shunts it returns to the other table switches. 
(2 and 3) Passing through voltmeter and balance shunt coils 
and their extra resistances to the upper volt switch R 
(according to the position of the switch which is set for the 
voltage required), and thence to the other balance and volt- 
meter switches. All these circuits then become common as at 
starting, and the current returns through the left-hand short- 
circuiting switch and fuse to the left-hand bar of S and back 
to the supply. 

It will be noticed that the left-hand short-circuiting switch 
is used for short-circuiting a lamp, which is a 200 volt 16 c. p. 
or 32 c.p. one. When testing, the lamp is, of course, short- 
circuited. 

This lamp is used as a preventative for the fuses blowing 
should there be a short in any of the meters on test. Secondly, 
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it has been found very convenient for burning out a leak to 
spindle such as may occur in a commutator meter due to silver 
dust, or for locatiug other leaks to case without causing the 
blowing of fuses. In these cases one pole of the shunt circuit 
is connected to the meter case and the other to the meter shunt 
or main terminal, as the case may be. 

Fig. 151 shows the connections from the table board to the 
sources of supply. For simplicity the right-hand half of the volt 
switch S (Fig. 150) has been lowered. Below the plug bars are 
the two main throw-over switches. The main alternating leads 
go to two 'bus bars through fuses. The main continuous 
current leads go to a plug board shown diagrammatically, 
which enables various numbers of cells to be used in series, 
according to the drop through the meters under test. The 
pressure circuits go to single-pole cut-outs (one on each pole), 
and thence to the transformers or to the small secondary battery, 
as the case may be. 

Keferring to the testing bars T, these are provided for the 
purpose of easily connecting up one or more of the standard 
instruments for checking their accuracy. In the case of Watt 
balances and voltmeters it will be noticed that the end segments 
of the supply volt switch (S, Fig. 150) are marked " TEST." 

The use of the testing bars is shown in Fig. 152. In this 
diagram five complete "sets" are shown, three being watt-test- 
ing circuits (Nos. 1, 2 and 3) and two (Nos. 4 and 5) ampere- 
testing circuits, which, therefore, have no shunt or potential 
switching apparatus. 

The main connections for the comparison of the standard 
instruments are simple enough, but in the case of the shunt 
connections it is necessary that one of the supply volt switches 
be connected up in a slightly different way to the others ; this 
is to enable the standard instruments being compared to be 
supplied with current from the existing sources. 

It is advisable to make the middle set of three the specially con- 
nected one, for this reason : That the one on either side can be 
compared with it without interfering with the remaining one 
and this in no way hinders all the sets being connected up for 
comparison. The special connections referred to above are (1) 
the top left-hand segment of the switch S (Figs. 150 and 152) 
is permanently connected to the left-hand bar of that switch as 
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shown ; (2) the bottom right-hand segment is connected so that 
the Wirt rheostat of that set is in circuit with all the shunt 
circuits as shown. 

In Fig. 152 plugs are supposed to be inserted in the blackened 
holes. No. 1 table is free for the testing of meters. Nos. 2 and 
3 (watt circuits) are connected up for comparison of standard 
instruments and ammeters and voltmeters on 200 volts alter- 
nating, whilst Nos. 4 and 5 (ampere circuits) are arranged for 
comparison on continuous current, and a standard potentiometer 
shunt, P, is included in the circuit on the right-hand table 
(No. 4). 



No. 1 




o o 



R 



%> J J fas) ••> £jr£|j 



No. 2 




To lame points on next Board 
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Fig. 152. — Diagram op Circuits showing use of " Test" Circuits 
in comparing Standard Instruments. 



The object of the Wirt rheostat short-circuiting switches is 
seen in the diagram. If the Wirt rheostat on table No. 3 
were not shorted when comparing the standard instruments, 
there would be additional resistance in the volt circuit of the 
instruments of that set, which would cause those instruments 
to read low. It may be mentioned that single plugs are used 
only when comparing the standard instruments. For ordinary 
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work, plugs braced together as in Fig. 153 are employed, which 
prevent the insertion of the plugs in the wrong holes — i.e., 
one on to alternating current and the other on to continuous 
current. 

It will be noticed that to each board there are two tables (see 
Figs. 150 and 152). The object of this is that, while meters 
are being tested on the one table, the meters just finished on the 
other may be taken down and a fresh set connected up. It is 
advisable to have the two tables rather than one double the 
width in order that the vibration caused in taking down and 
putting up meters on the idle one may not interfere with the 
testing on the other. The two can, nevertheless, be used as one 
if required. 

The advantage of such a system of connections is that, as the 
board is placed under the balance shelf and immediately oppo- 

IboaiU. 
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Fig. 153. — Braced Plugs 

site the ends of the table (see Fig. 155), the changes are quickly 
and easily made, without having to build the circuit up at 
a central plug board, as in the previously described arrange- 
ment of wiring. The instruments, being opposite the ends of 
the tables, are conveniently situated for being seen from any 
point along each table ; it is thus possible to keep an eye on the 
current while testing. This avoids the necessity of having two 
people on the same test, one to regulate and the other to count 
the revolutions of the meter's moving part. Fig. 154 is a view 
of a testing panel with the instruments above it. Between 
the panel and the balance shelf a teak locker is provided for the 
purpose of storing the balance weights, plugs, &c. A porcelain 
tube let into the wall between the testing panel and the instru- 
ment panel contains the necessary leads between the two. 
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7he watt balance resistance box cm be stood abort the instru 

nent panel, as seen in Fig. 155. 
It must be borne in mind that the testing of meters is 
it usually, if ever, the sole work carried out by a testing 

epartment. All the station instruments require periodic 
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tnndardising, and this work becomes considerable in a large 
undertaking. In fact, all the electrical testing is, or should 
be, performed by such a department. In the design, therefore, 
revision should be made for work other than meter testing. 
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Separate looms should, however, be allotted to other wort, 
8ii ch as motor, arc and incandescent lamp testing, fuse blowing 
and the breaking down of insulators with extra high pressure. 
The latter work, which is frequently required by users of extra 
high-tension cm rents, becomes da ngci ous if carried out where 
other \><>tk is going on, whilst the former all hinder meter 
testing by noise or light as the case may be. The equipment 
of such test rooms does net, however, come within the scope of 
the'preseut chapter. 
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Testing Tables, Meter Stands, Testing Racks.— In consider- 
ing tho design cf meter-testing tables, it must be remembered 
that several types of meters are sure to be used. As no two 
types are similar in she, shape, or arrangement of fixing lugs, the 
difficulty presents itself of getting the same table or rack to be 
suitable for the different types employed — and, even more than 
this, for any future typo that may be adopted later. Fortu- 
nately, meters of different types which are being brought out at 
the present day are becoming more nearly alike in outward 
form than were the differing types of some years back. For 
instance, most of the newest meters are designed to hang up 
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and, more often than not, are provided with a central lug at the 
lop to enable the meter to be hung on a screw previously 
fixed to the meter board. 

Meters possessing this central lug are certainly the easiest 
to fix, both in the teat room and on consumers' premises. Thero 
are, however, soimv meters which stand level, such as the 
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Ferranti (A.andC.C.),Hookham(A.and CO.}, Reason, Mordey- 
Fricker, &c. For such, therefore, a table is all that is required, 
and, on account of meters of some makes standing, it is neces- 
sary that the table tops should be capable of being used. In 
other words, they should not have anything on them in the shape 
of a fixed rack for " hang up " meters, which would get in the 
way when meters are heing tested, which stand on a horizontal 
surface. The table should bo substantia], for some meters are 
heavy, and a set of such meters becomes a fair load. 

A simple form of table which has been found to answer its 
purpose is shown in the dimensioned sketch Fig. 15C, uud is 
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Gun Metal 



Brass Terminal 



made of teak, the top being 1 ft. 6 in. wide by 2 in. thick. The 
length may be 6 ft., but similar tables have been made 10 ft. 
long, with a pair of legs in the middle. It is preferable for 
steadiness to have two shorter ones as shown, for a six-legged 
table requires to be nicely adjusted to the floor unless the ends 
of the legs are grouted into the cement, which is a good plan. 
The legs in the sketch are Sin. by 3 in., and the bars 3 in. 
by 2 in. Holes are fitted with bras3 bushes for the purpose of 
bringing the shunt leads up to the meters, their positions being 
such that they escape the stands used on such a table, which 
will be presently described. 

These shunt leads are teed-off leads, which run from end to 
end of the tables, well apart, cleated to the underneath of the 

table top at each point, the 
tee also being cleated by 
the same cleat to take any 
strain off the joint. The 
leads, which are single flexi- 
bles, pass round through 
weighted pulleys similar 
to telephone cords, and 
through the bushed holes 
in the table. Their ends 
are soldered into terminals 
suitable for connecting to 
the ends of the shunts of 
the meters. These termi- 
nals are shown in Fig. 157, 
a being used for the front leads which enter the small terminal 
of the meter and b for the back leads which are connected to 
the end of the meter shunt, which is usually common to the 
main, but is removed for testing. The terminals cannot pass 
through the bushes in the table, and immediately they are 
disconnected from the meter they fly down and thus prevent 
shorts, but are always handy and quickly connected up. 

Such an arrangement of the shunt leads seems preferable to 
having plugs on the leads to fit into bases at intervals along the 
table, as plugs are apt to make bad or intermittent contact 
after a time unless well made, and if of porcelain stand a good 
chance of beiug frequently broken. 
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Fig. 157. — Shunt Terminals. 
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A better form of testing bench is that illustrated in the two 
elevations in Fig. 158 and in the view of a teat room Fig. 155. 
This bench consists of two 4 in. by 4 in. uprights supported 
on foot pieces of the same dimensions and braced together 
by 3 in. by 2 in. cross-bars. Rigidity is obtained by using 
angle brackets, and the table top is supported by the upper 
cross-bars and on brackets at the uprights. Above the table 
top the uprights extend 2 ft. , and are bored at 2 in. intervals, 
the holes being fitted with brass tubes, which are expanded 
back and front. Two cross-bars are provided for each table and 
can be bolted to the uprights at any required distance apart. 
The cross-piece being 3 in. deep and the spacing of the holes in 




Fig. 158.— Adjustable Metes Tibmnu Bench. 

the uprights 2 in. from centre to centre, their distance apart can 
be made suitable for any meter not longer than 2 ft. A polished 
brass plate, 3 in. by 4 in., screwed to the cross-pieces at each end, 
not only gives them a finish, but prevents wear by the screw- 
ing up of the wing nuts each time the position of the cross- 
pieces is altered. 

Round-headed screws placed at intervals along the upper 
cross-piece form sufficient support for hanging meters, the 
bottoms of which rest against the bottom cross-piece. A 6 ft. 
table, as illustrated, will carry four moters giving a spacing of 
lft. Gin. between meter centres, which in piuctice lia« been 
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found to be a suitable distance. Meters should not be placed 
nearer to one another than this, even if their external dimen- 
sions allow of it, in order that they may not be affected by 
the meters on either side. With some meters, such as the 
old-type Thomson, the upper cross-piece is placed behind the 
uprights, the meter standing on the lower one, being clamped 
to the upper one. Standing meters can also be supported by 
the cross-pieces in the same manner, so that these tables possess 
the advantage of holding any type of meter, including switch- 
board-type meters having long projecting terminals at their 
backs for passing through the panels, and still keep the table 
top clear for tools, notebooks, &c. The cross-bars, not being 
fixtures, can be removed altogether at a moment's notice? 
leaving a plain table with no obstructions above it. 

Fig. 155 is a view of a test room furnished with tables of 
this type, and local testing panels as previously described. In 
this figure the arrangement of shunt cords is also seen, and it 
will be noticed that different types of meters are being tested 
on each table. 

Testing Stands.— Where plain tables are provided, some form 
of testing stand will be necessary. A very useful form of stand 
for holding meters when being tested is shown in Fig. 159 in 
front and side view. A stand somewhat similar to the one 
illustrated was used some years ago by the British Thomson- 
Houston Co. for the Thomson meter, and the one illustrated is 
also used for. that type. In Fig. 95, p. 121, a meter of this 
make may be seen supported on one of these stands. This 
meter in the old type is a rather awkward one to erect tempo- 
rarily unless it is screwed up to a batten fixed to a wall, in 
which case the continual insertion of screws would soon make 
it necessary to have a new batten. On the stands, however, 
it is easily fixed. The weight of the meter is taken by the 
two brass brackets on which the terminal box rests, whilst the 
milled-head screw in the brass angle-piece to the left clamps 
one of the top lugs of the meter. To make the meter firmer 
on the stand, the right-hand lug is also clamped by means of 
the loose clamp shown. To the back of the stand a batten is 
fixed vertically by means of sash screws, so that it is easily 
detachable. On this batten at a suitable height is a headless 
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na.il, slightly bent up, upon which " hanging " meters are 
hung. 

The stands are made of teak, the base being 1} in. thick, 
12in. deep and 12 in. wide, the back 1 in. thick, 13 in. high 
from the top of the base ; the batten is 2 in. deep by 2 J in. 
wide by 19 in. long, and stands 12 in. above the top of the back. 

The stand — resting on three points, two in front and one in 
the centre behind — is always firm on the table, and can be 
levelled by means of the milled-head screw at the back. If 
countersinks are let in flush in the table top, the stands are 
kept in a line, and the weight of the stand and meter prevents 
side supping if any slight adjustment of the meter is required. 
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These stands will hold most types of meter. They have been 
found equally suitable, without any special fixing for meters 
of the following types: — Aron, Bat, Bastian, Brush Gutman, 
Eclipse (all types), Electrical Company's (all types), "O.K." 
(including prepayment), Scheeffer, Shallenberger, Shuckert, 
Stanley, Thomson (all types), Vulcan We sting ho use, Wright, &c. 

A further advantage possessed by such stands is that they 
enable a set of meters of different types to be erected in series 
if required for the purpose of comparison under absolutely 
similar conditions of current. 
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Fig. 160 shows a table and aet of stands, each holding a 
different type of meter. This view also shows the shunt leads 
already referred to in use ; also the position of the Kelvin 
balance at the end of the table with magnifying glass for lead- 
ing the index from any point along the table. Fig. 161 is 
another view of the same table, the stands being removed and 
a set of " standing "meters connected up for a "long run " test. 

These stands may also be used for ammeters and voltmeters, 
making a most convenient support for such instruments. The 
ordinary switchboard ammeters which are provided with back 
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Kelvin- Watt Balance 



connections in the shape of rods are somewhat awkward to fix, 
but with the stand, the rods either go through the hole iu the 
stand-back, or, if too wide apart for that, they most probably 
clear the batten and can thus be fixed to it, 

Meter Store. — As with the test tables and supports for meters 
in the t03t room it is important to provide suitable appliances 
for use with many and varied types of meters, so it is equally 



AKliAXGEMEST OF A METER DEPARTMENT. 219 



important in the store to provide racks for storing meters of 
many shapes. 

Hanging meters— i.e., those which have a central top lug, 
may be conveniently stored by simply having horizontal bat- 
tens fixed to upright ones firmly fixed to the walla ami fixing 
screws (round-headed for preference) at certain distances apart 
on the horizontal battena, the screws being screwed "half- 
home." For the centre of the store frames running the length 
of the room and carrying similar battens could ha used. There 
ire, however, several objections to such an arrangement. In the 




first place many meters are not provided with the central lug, 
and even with those which have it, the spacing sideways and 
the vertical distance apart of the battens becomes a difficult 
matter to settle owing to the varying sixes of the meters. To 
make matters worse, it would be found that the lugs of the 
meters would have varying -sized holes, so that it would be 
impossible to choose a screw which would suit all, if indued one 
could be found to suit any two. 
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For storing on battens as above, it is necessary for the 
meters to be provided with a Q shaped hole, as otherwise 
the lug would not slip over the head of the screw. Such a 
system, therefore, is only suitable for very few types. It is, 
however, a convenient one to use with Bastian and Wright 
electrolytic meters, and Wright demand indicators. If, instead 
of using wood, iron be employed, the system becomes far prefer- 
able from a fire point of view, 

Shelves are not altogether convenient for the storing of 
meters, owing to the fact that so many types do not stand, and 
would require to be laid on their backs. The storing of meters 
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Fig. 162. — Wall Racks in Meter Store. 



on their backs is a thing to be avoided, as when so laid it 
becomes very difficult to see the dials, numbers, &c. 

A modified form of shelf rack, which has been found uni- 
versal, is shown in Figs. 162 and 163. These racks were 
designed by the writer some years ago, and have been found 
to answer the purpose well. 

The wall racks (Fig. 162) are extremely simple. A tee iron, 
l|in. by 1-Jin. by Jin., is let into the walls at intervals of 
5 ft. 4^ in., and an angle iron lfin. by If in. by Jin. is laid 
along on the ends of the tee irons, and flush riveted to them. 
Along the wall, as shown in the drawing, are fixed battens of 
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wood to protect the wall from being chipped by the meters 
when placed on the racks. 

The centre double racks (Fig. 163) are very similar as to 
dimensions, but, instead of tee iron, flat iron is used for the 
supports of the angle irons, which are of the same size as in the 
wall racks. H-iron girders, 2 in. by 2 in. by \ in., extend from 
floor to ceiling 5 ft. 5 in. apart, and are, if possible, bolted by 
angle pieces to the floor girders top and bottom. To these are 
riveted the brackets formed by the flat-iron strips. Flat strips 
braced at intervals are riveted to the H-iron supports and take 
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Fig. 163. — Double Racks in Meter Store. 



the place of the wooden battens in the wall racks. A distance 
of 1 ft. 4 in. has been found convenient between tiers ; this 
makes the top tier of five, 6 ft. 1 in. from the ground, if the 
lowest rack is 9 in. above the floor level ; it is, therefore, pos- 
sible for an average-sized man to put meters on the top rack 
without the aid of steps. lb might be thought that the above- 
described racks are rather costly, but it may be argued in their 
favour that they are capable of standing the unavoidable 
knocking about which they get by repeated loading and un- 
loading. They are fire-proof, and being equally suitable for 
all types of meters they have little chance of standing idle. 
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They are also independent of the "width " of the meters, and 
allow narrow meters to be bunched closer together than wide 
ones so that no space is lost. 

Small Store. — For the storing of spare parts of meters, wire, 
backing boards, and other sundries, it is very necessary to pro- 
vide a small room, or a large cupboard fitted with wide shelves. 
This apartment should be adjoining the office, as it then becomes 
quite easy both to keep the costs of repairs, and a check on the 
stock of these sundries. This store should be provided with as 
many shelves as it is convenient to place in it. 



CHAPTER X. 



INSTRUMENTS, APPARATUS AND ACCESSORIES. 

Equally important as the convenience and arrangement of 
the test rooms is the provision of accurate standard instru- 
ments, which, however, should not be kept simply for the 
checking of other instruments, but should be used constantly, 
and every meter should be compared with them. 

Kelvin Balances. — The watt and ampere balances invented 
by Lord Kelvin are, perhaps, the most suitable instruments for 
the purpose. They are simple, constant, and it is possible to 
ascertain by observation if they are in working order. When in 
this condition, their accuracy depends simply on the constancy 
of weights, and this is a great point in their favour, as the weight 
of a mass is a constant, whereas one can never be certain that 
a spring has not changed (except by re-standardising). Meters, 
as a rule, are tested at a round number of amperes, consequently 
no recourse has to be made to the table of doubled square roots 
provided with the ampere balances, as the weights are set to 
definite points on the fixed scale. These instruments are 
founded on the law, first discovered by Amp&re, that if a 
current flow through two conductors near one another, one 
fixed and the other movable, a force is produced tending to 
attract or repel the movable conductor. This force is pro- 
portional to the square of the current. The balances (in the 
smaller sizes of Kelvin balances) are provided with four fixed 
and two movable coils, the latter supported by a beam which 
is suspended by means of a flexible ligament. This suspension 
is composed of a great number of very fine ^ires in two groups 
insulated from one another, and the current to and from the 
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movable coils is conveyed through these groups of fine wires. 
A Mnti-ampero balance is seen in Fig. 164, and Fig. 163 
represents a section thioiigh the coils ; FF are the fixed, 
MM the movable coils; A one of the groups of fine wires 
which act aB the fulcrum. The arrows show the direction of 
the current in the coils. 




Parallel currents in the same direction attract, and in opposite 
direction repel ; it will therefore he evident that the right hand 
end of the beam will be raised out of its position when a 
current flows through the coils in the directions indicated 




in Fig. 165. As the midway position between the two 
fixed coils is the position of minimum force, the movable 
coils are hung, the one above and the other below the mid 
position, being nearer the repelling coil in each case by such 
a distance as to give about one-fifth per cent, more than the 
a force. 
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The beam carrying the movable coils being deflected out of 
its zero position by the force due to the current, is brought 
back to its original position by a force due to a weight, which 
is slid along on a platform fixed to the beam until balance is 
obtained (see Fig. 164). The beam is graduated, and the 
weight (which also acts as a sledge for carrying other weights) 
has an index on the scale and is read when balance is obtained. 
At each end of this movable graduated scale is a pointer which 
indicates the zero position. Both these pointers should be at 
zero before commencing to measure current. They are brought 
to zero by bringing the sliding weight to its zero and then 
shifting the position of a metal flag (attached to the movable 
portion) by means of the handle provided. Each sliding weight 
has a counterpoise weight which must be used with it. The 
latter is placed in a V- SQa P e ^ P an at the right hand end of the 
movable portion (see Fig. 164). Four pairs of weights are 
usually provided, being adjusted in the ratios of 1 : 4 : 16 : 64. 
Each pair gives a round number of amperes or fractions or 
multiples of amperes (according to the size of the instrument) 
on another scale, which is fixed to the base of the instrument 
just behind and above the movable scale. The numbers* on 
this fixed scale are twice the square roots of the numbers 
below them on the movable scale. Notches are cut in the 
edge of the movable scale just under the numbered divisions 
on the fixed scale to avoid errors due to parallax when reading. 
The sliding of the weight to the correct position along the 
scale is performed from outside the case by means of a self- 
releasing pendant carried on a sliding platform to which 
silk cords are attached which come out through the ends 
of the case. By using a magnifying glass (a reading glass 
acts perfectly) with an aluminium screen attached, as in 
Fig. 166, the index can be quite easily seen 12 ft. or 14 ft. 
from the balance. The screen, which should be lamp-blacked on 
tho side away from the balance, causes the index to be seen at 
a glance and hides all reflections from the balance case. Mounted 
on a stand in the way shown in the figure, the hole A drilled up 
the handle — a medium tight fit — it can be raised or lowered to 
the correct position. 

Great care should be taken that, once being set to a definite 
position, the weight of the Kelvin balance is not accidentally 
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shifted. At the ends of the silk cords which are attached to 
the sliding platform are usually two buttons. If one of these 
falls off the shelf on which the balance stands, or if anyone 
passes and nibs up against the cord, the weight is liable to he 
shifted. To prevent this a good plan is to replace the two 
cords by one which is brought from the sliding platform 
through the case in the ordinary way, through two pulleys 
fixed to the shelf — one under each end of the base where the 
cords come out— back through the case at the other end and 
thence to the sliding platform. In this way, no matter what 
the position of the sliding weight, 
there is no slack cord. 

The watt balances are very similar 
to the ampere balances. The shunt 
current is taken into the movable 
coils, and the 'main current passes 
through the fixed ones. The resis- 
tance of the shunt coils is about 
14 ohms, and as they are designed to 
worlc with a current of 0'2 ampere in 
the shunt circuit, the total resistance 
is made up to 500 ohms (non-induc- 
tive) per 100 volts. 

The shunt circuit, even on 100 volts, 
therefore, is fairly non-inductive, but, 
of course, becomes more so on higher 
voltages. Where meters are required 
for both alternating and continuous- 
current supplies it much simplifies 
matters to have standard instruments 
equally suitable for both kinds of current ; these balances 
being so, they are most convenient. 

Voltmeters. — A number of voltmeters should be provided of 
different types and different ranges. A set of electrostatic 
voltmeters for different voltages is very useful, especially for 
use when taking shunt currents of meters. Owing to the fact 
that they take practically no current, they can be connected 
directly to the ends of the meter shunt circuit and the pressure 
ascertained at which the shunt current is measured. Hot- 
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wire or electro-magnetic voltmeters could not as conveniently 
be used thus, for the current they take would be measured as 
well as the shunt current of the meter. 

If the ammeter be placed between one terminal of the volt- 
meter and the meter shunt, the drop in the ammeter would 
have to be allowed for. 

Another point in favour of electrostatic voltmeters is that 
the same instrument can be used' as a standard both on alter- 
nating and continuous current. (Two readings, with connec- 
tions reversed, must be taken on continuous-current circuits.) 
They are very handy for calibrating or checking other alterna- 
ting-current voltmeters. As a standard voltmeter, a reflecting 
electrostatic voltmeter with a scale forming an arc of a circle 
of one metre radius is recommended. The instrument and 
scale should both be fixed in position, and preferably the scale 
should only be calibrated, by means of a potentiometer, after 
it has been put up. 

Potentiometer. — For standardising generally (on continuous 
-current), and indeed for testing continuous-current ampere-hour 
meters, a good potentiometer is extremely useful. If at any 
time doubt as to the accuracy of the standard instruments arises, 
as it is sure to do at some time or other, possibly owing to a 
batch of meters all being found about the same amount slow or 
fast, then to be able to check the instruments with some quite 
different apparatus is desirable. 

The potentiometer enables current, pressure and resistance 
to be measured with great accuracy, and all measurements are 
compared to the E.M.F. of a standard cell, usually a Clark. 

Space does not permit of a detailed description of this 
universal instrument, with its accessory standard resistances, 
but a brief description of the general principle of its working 
may, however, be useful to those who may not be acquainted 
with it.* 

The instrument itself consists of a set of resistances, all of 
the same material and section, which are arranged as shown 
in Fig. 167. . In the Grompton pattern there are 15, in the 
potentiometer made by Elliott Bros. L50. They are all made 

* For a complete description the reader is referred to " The Potentio- 
meter and its Adjuncts," by W. Clark Fisher (" The Electrician " Series). 
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equal to each other to within a very great accuracy. One 
of these sections (0 — 1) is laid straight (called the slide wire), 
and a movable key or contact can make contact at any point 
from to 1. The other sections are made into coils, and 
another key in the form of a switch makes contact at any 
of the terminal points 1, 2, 3, 4, &c. 

The slide wire has a scale which divides it up into 100 
equal portions (10 in the Elliott instrument), which are equal 
as to resistance. By estimation each y^-th of the slide wire 
can be divided into tenths. 



* 
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Fig. 167. -Potentiometer Connections. 

An accumulator A, controlled by a rheostat R, supplies a 
constant potential of 1*5 volts to the extreme ends of the 15 
sections ; thus the voltage across each section is 0*1 volt, and 
across each T ^ of the slide wire 0001 volt. Ad'Arsonval gal- 
vanometer G, with a key, is connected through the six-way 
double pole switch S, first to a Clark cell for " standardisation " 
of the instrument, and then to the terminals of a high or low 
resistance for measuring current or pressure as shown. Any 
E.M.F. up to 1*5 volts can be measured direct, but higher 
potentials are connected to a standard high resistance, and a 
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known fraction of this high resistance is connected to the 
potentiometer. This resistance is termed a "volt box." 
Current measurements are made by having suitable standard 
resistances of known values, sucli as 1*0 ohm for Vb amperes> 
giving 1-5 volts drop at full load, (H ohm for 15 amperes, 001 
ohm for 150 amperes, &c. Such resistances enable the whole 
range of the potentiometer wire to be taken advantage of in 
the measurement of current; thus 1*5 amps., 15 amps., &c, 
are capable of being read to the fifth figure with ease. 

With such an instrument care and cleanliness are necessary, 
as a dirty slide wire may lead to erroneous readings. The 
Author has had a Crompton instrument in use for some years 
in which the slide wire is enclosed in the case, and contact is 
made by a slider worked by an endless flexible steel band. 
This has given great satisfaction, and for commercial testing 
it certainly seems advisable to have the slide wire enclosed. 
Such a set, comprising potentiometer, standard cells, battery, 
galvanometer with lamp and scale, volt box, and standard low 
resistances is somewhat expensive. The low resistance shunts 
should receive careful handling, "and when not in use are pre- 
ferably kept locked up out of harm's way in order that they 
may not be damaged. 

It is, therefore, worth while to provide a suitable stand in 
which the whole set may be set up and the standard resist- 
ances stored. Such a stand is seen in Fig. 168, which is built 
somewhat after the style of a pedestal desk. It is entirely of 
polished teak. The table rests on two pedestal cupboards, 
which contain the low resistances when not in use. Upon the 
table are placed all the other apparatus, consisting of the 
potentiometer itself, volt box, secondary cell, standard cells, 
galvanometer, with lamp and scale, ail connected up and ready 
for use when required. • 

The table has a roller top, which shuts up all the apparatus, 
and keeps everything clean. In this way the instrument is 
always ready for use at a moment's notice, but at the same 
time is thoroughly protected when not required. 

A shelf over the roller top is very handy for placing rheo- 
stats for regulating or for standing instruments. on when cali- 
brating. It also prevents anything being stood on the roller 
top. 
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Permanent leads of No. 20 wire can. be run from a terminal 
board near the potentiometer to the various test tables and 
other points, and ended in pairs of terminals mounted an 
ebonite. From the main terminal board connections to the 
potentiometer or volt box arc quickly made by means of 70/40 
twin flexible leads. These flexibles should be braided, one 
black and the other red, in order that the positive and negative 
are easily traced. 

If the ends of these flexible leads are soldered into hook 
connectors their life is considerably increased. 




Fig. 16s. — Crompton Potes" 






Standard of Time. Having standard instruments for the 
measurement of watts, amperes, volts and ohms, the meter test 
room still requires a further and most important standard in- 
strument — that is, standard of time. Chronographs are moat 
convenient instruments for timing the revolutions of some 
quick-moving portion of a motor meter, but it is very important 
that they should be frequently tested themselves and for the 
same period of time Hud they are to be used for in testing. These 
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time indicators develop starting errors and may change their 
speed, so that, if not checked, errors due to them might be 
ascribed to the meters under test. A chronometer is the most 
compact standard. Fixed in some convenient position, on a wall 
(away from mains carrying heavy currents) about 3 ft. 6 in. from 
the ground, it can be used with comfort for checking chrono- 
graphs. For long time tests such an instrument is most useful, 
as also for rating clocks used in time switches or two-rate meters. 

Beside the standard instruments others will be required. 
An ammeter and voltmeter of the capacity of each watt balance 
should be permanently fixed in the circuit. These should be 
suitable for alternating as well as continuous current where 
both are likely to be used ; in fact, it is evident that all appa- 
ratus should be capable of working on either current in order 
that the whole equipment may be used, if necessary, to turn 
out work for one or the other system of supply. 

For testing in situ portable instruments are, of course, re- 
quired. Some very neat testing sets have been put on the 
market of recent years by several makers. For testing watt- 
hour meters of the motor type a wattmeter is to be preferred, 
as only one reading has to be taken. Good wattmeters of the 
portable type can be obtained suitable for both supplies. 
Where, however, testing is to be done on continuous-current 
circuits, permanent magnet instruments are to be preferred, 
as being dead-beat and unaffected by stray fields. They should 
always be provided with mirrors under the needle, as very true 
readings are required to prevent the errors in the test being 
greater than the meter errors. A portable low-reading ammeter 
(reading to 0*1) should be provided for measuring meter-shunt 
currents, and a portable voltmeter (reading to 1 volt) for the 
measurement of the drop in the main coils. 

For the measurement of insulation resistance to case an 
ohmmeter will be found most convenient. A couple of ordi- 
nary detector galvanometers, with their batteries, are most 
useful for the testing and detection of faults in meters. These 
are more convenient if the batteries are enclosed in the same 
case as the instrument. 

Frequency Measuring. — In alternating-current testing a fre- 
quency teller will be required. Should the testing department 
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be at the station, the alternators will be accessible and the fre- 
quency ascertained by taking the speed of the machines run- 
ning. This would, however, take too much time, and an in- 
strument should be close at hand by which the frequency can 
be easily read. 
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A convenient form of frequency teller is that due to Mr. 
Albert Campbell, E. A.,* in which a thin iron strip is slid in or 
out of a clamp over the face of an electromagnet around which 
the current — the frequency of which is required — passes. The 
iron strip vibrates when its length from the clamp is such that 
• The Electrician, Vol. XXXVII., p. 437. 
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its natural period of vibration is double that of the frequency 
of the current, when it emits a note. A rack and pinion to 
which the needle is attached are worked from the non-vibrating 
end of the strip, the needle indicating on the scale different 
points according to the length of strip free to vibrate. The 
scale can thus be calibrated in periods per second, the reading 
being obtained by sliding the strip until the note is audible. 

Another method of measuring the frequency is by altering 
the length of a weighted wire carrying an alternating current 
and passing through the field of a permanent magnet. At a 
definite length the wire will vibrate. Fig. 169 illustrates an 
instrument made on these lines. The index slides up and 
down the beam in the front of which is the scale. To this 
sliding index is attached a rod, on the end of which is a jewel 
with a rounded hole through which the phosphor bronze wire 
passes, a weight being hung on the end of the wire. The 
weight is increased or diminished so as to get a suitable range, 
after which it is unaltered. 

To use the instrument, the slider is slowly lowered until the 
wire vibrates to a definite amount. It is found that there is a 
definite point for each frequency where the wave appears to 
have a third wire, and this is the point taken. The instrument 
is calibrated by finding this point on known frequencies by 
slowly moving the slider down. 

The length of wire free to vibrate, multiplied by the fre- 
quency, equals a constant ; thus, by taking three or four read- 
ings on different frequencies the constant is determined for 
the given wire and weight and the scale then made. 

Apparatus for Measuring Torque.— In order to measure the 
torque of meters it is necessary to have some sort of apparatus 
possessing small friction by which the pull can be measured. 

In Fig. 170 such an appliance is shown. A vertical brass rod 
fixed to a lead base carries two brackets, the height of which 
•can be adjusted. The top one supports a light wheel having 
a V-shaped rim and a steel spindle running in jewelled 
bearings. One end of a fine silk thread is attached to the 
main spindle of the meter, and the other end carries an 
-aluminium scalepan, which weighs 1 gramme. The lower 
bracket acts as a rest for this scalepan. A box of weights and 
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a good micrometer — the latter for obtaining the diameter of the 
spindle — complete the set. When the silk is wound round the 
spindle, to obtain the effective radius at which the weight acts 
the spindle should be calipered itself and also over the silk, 
and half the mean diameter taken. In the case of meters 
having light main moving parts it is necessary to provide a 
duplicate set and place it so that its thread pulls in the opposite 
direction : then, if half the weight be put in each scalepan, a 
uniform moment is produced, and the meter main spindle is- 
not pulled off its jewel bearing. 

In using the apparatus, if 1 gramme, (the weight of the scale- 
pan) is too heavy, a gramme 
weight can be attached to a very 
fine silk thread passing over the 
wheel to counterbalance the- 
scalepan. For this purpose the 
silk used for galvanometer sus- 
pensions is the best. With 
meters having a high torque it 
is sometimes convenient to attach 
the silk to the rim of the brake 
disc, as by increasing the distance 
at which the weight acts the 
weight is reduced, as it acts at a 
greater leverage, and thetendancy 
to displace the moving part of the 
meter is thereby reduced. 

Although it is very satisfac- 
tory to see the actual weight 
being held up by the meter,, 
measurements of torque with 
such an apparatus cannot be made quickly, and usually time i& 
a consideration where much work has to be turned out For 
the quick measurement of meter torques, therefore, a spring 
talance is perhaps the most convenient instrument to use, and 
very good results can be obtained in this manner very quickly. 
An instrument of this description is illustrated in Fig. 171. 
It is easily made, and, by means of the previously-described 
apparatus, its calibration becomes a simple operation. Upon a 
piece of aluminium, A, about 0*2 cm. thick a small spindle, B, 




Fig. 170.— Torque Measuring 
Apparatus. 
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is bolted, having lock nuts underneath. To the upper end of 
this spindle one end of a piece of watch mainspring, C, is 
fixed (either by soldering it in a saw cut or otherwise), and to 
the other end of the spring a straight piece of aluminium wire 
D is attached. This can be done by slightly flattening the 
wire, lashing it to the end of the spring with silk, and finally, 
shellacing the joint. The straight wire is allowed to project 
beyond the edge of the plate by about 1 *4 cm., and at, say, 
0-7 cm. from the end it is marked by a line to indicate the 
point to be used both in calibrating and when measurements 
are taken. 

A small spirit level, E, is screwed to the plate as an indicator 
to show that the plate is at the same level when being used as 




Fig. 171. — Spbing-balance for Measuring Meter Torques. 

when being calibrated. The level is necessary in order to avoid 
any error being introduced by the weight of the pointer, which 
would cause a deflection. The instrument is intended to be 
used with the plate horizontal, and the needle is set to a zero 
line by turning the spindle B. To calibrate this balance a loop 
is made at each end of a short length of very fine silk thread ; 
one loop is passed over the end of D to the marked point, and 
different weights are hung on the other loop, the thread pass- 
ing over the pulley of the apparatus previously described, which 
is adjusted for height. It is convenient to lay the balance on 
a box for this operation. The pointer being deflected, the plate 
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is turned in the opposite direction until the pointer is brought 
back to a position at right angles to the silk for each weight, 
and in this manner the points are easily marked on the plate 
on either side of the zero. 

In using the instrument a small spring clip, made out of, say, 
No. 24 phosphor bronze wire, is slid on to the brake disc of 
the meter. The end of this clip is bent to stand vertical so as 
to meet D (at the marked point) at right angles. The plate is 
turned as in calibrating to bring the pointer D at right angles to 
the deflecting force. In the instrument illustrated the length 
of the pointer is 14*5 cm., and a deflection of approximately 
2 cm. per decigramme is obtained. It is convenient to have 
two or three spring balances similar to the above, having vary- 
ing ranges to suit various types of meter having different 
torques, or, by making clips which project beyond the periphery 
of the brake disc, the same instrument may be used. Where 
such clips are employed, care must be taken to ascertain that 
the disc has no tendency to rotate due to want of level and the 
weight of the clip. Owing to the use of magnets in so many 
meters, it is very important that the use of steel wire, either for 
the clip or for the pointer D, be avoided. Where the torque of 
a number of similar meters having discs of equal diameter is to 
be taken, it is convenient to make a clip, the end of which 
stands out from the axis of turning by preferably 10 cm., and 
to design the balance to give a good deflection when used with 
this clip. The torque is then ascertained without calculation, 
as the instrument can be calibrated in gramme-centimetres. 

Although not an " instrument " in the sense the above appa- 
ratus have been described, the slide rule will be found ex- 
tremely useful in the test room, either for checking calculations, 
or, if sufficiently accurate, for the working out of results. 
Slide rules having now become in almost general use, a 
description will hardly be necessary. With a Fuller slide rule 
results can quickly be arrived at after a little practice quite as 
accurately as ordinary tests can be made. 

Resistances. — When the testing is done on a supply at 100 or 
50 volts, it is necessary to provide resistance frames to dissipate 
the energy, and for alternating-current work these must be 
practically inductionless. They must also be capable of 
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regulation in small steps in order that varying strengths of 
current may be obtained. Batiks of 100 or 200 c.p. incandescent 
lamps, with 32, 16 and 8 c.p. lamps, answer the purpose, but in 
order to avoid the glare, it would be almost necessary to keep 
them out of the test rooms. With water resistances, unless they 
are made very large in order to be worked at a low-current 
density, it is difficult toobtain a steady currant owing to the great 
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alteration of the resist ante with temperature. The most suitable 
form of resistance for meter testing is the Fleming non-induc- 
tive "cage." A resistance frame built up of unit "cages" is 
shown in Fig. 172. The frame is of light cast iron at top and 
bottom, the two castings being fixed by rods at intervals. 
Above is a polished slate upon which switches and two 'bus bars 
with fuse terminals are placed. 
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The frame illustrated is capable of carrying 79 J amperes at 
100 volts, and the current can be altered from half an ampere 
up to the maximum by half-ampere steps, there being seven 
10 ampere, one 5 ampere, four 1 ampere, and one $ ampere 

switches. 







k- Porcelain 




miff 
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---Washer 
— Pin 




Fin. 173.— Fleihmo Assistance Unit Case. 

The "cages," or units, are connected up in parallel, each 
through a switch and fuse between two 'bus bars (one of which 
is at the back). Each unit is built up as follows : — Ou a hollow 
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brass rod, 3 ft. 6 in. long, are slid two circular porcelain discs, 
1£ in. in diameter. These discs have circular projections, also 
of porcelain, on their upper surfaces (see Fig. 173), and the 
top one is provided with two terminals for receiving the ends 
of a platinoid wire. 

One disc is fixed near the top of the brass rod with the pro- 
jections upwards, the other, with its projections underneath, is 
kept near the bottom of the rod by. means of a spiral spring, 
which takes the rod inside it, and tends to force the lower disc 
away from the upper one. One end of a bare platinoid wire 
is connected to one of the terminals of the top plate ; it then 
passes round one of the projections on the bottom plate back 
to the top plate round a projection, and so on until the end is 
fixed to the other terminal. It will be seen how well such a 
cage is ventilated, consequently thin wires may be used and 
run at a high current density. 

Each cage is held in the frame by a screw in the top and 
bottom castings, which passes through and enters the hollow 
brass rod. Leads are taken from the two terminals on the 
top plate to the switch and fuse terminal. 

Should a wire burn out (which is a very rare occurrence) it 
is replaced quite easily, if the cage be removed from the frame. 
Such a resistance is practically non-inductive, and most useful 
for alternate- current testing. 

The 10 ampere units are made up of three cages in parallel, 
-each wound with a single No. 28 platinoid wire carrying 
3*33 amperes; the 5 ampere unit contains two cages in series, 
•each wound with No. 21 ; the 1 ampere and \ ampere units 
■each have one cage wound with a No. 36 and a No. 40 respec- 
tively. 

Such a frame should be provided for each table, of the same 
•capacity as the Kelvin balance. If in conjunction with the 
frame a 100 volt 16 c.p., a 100 volt 8 c.p., and a 200 volt 
16 c.p. lamp* are wired up, the steps are reduced from 
^ ampere to 0*15 ampere, and the lamps prove useful for testing 
the starting currents of meters. For the purpose of finally 
regulating the current and keeping it steady during testing 
rheostats will be necessary. 

* A 200 volt 16 c.p. lamp will take about 0*15 ampere on a 100 volt 
circuit. 
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A very good one for the purpose is the carbon-plate rheostat, 
illustrated in Fig. 171, which can be obtained in various sizes. 
The one illustrated is capable of carrying 50 amperes, and has 
a range of about 0-03 to t*S ohms. It is composed of 40 pieces 
of battery carbon 3^ in. square by ^-IB- thick, the surfaces 
being roughened. The regulation is obtained by altering the 
contact resistance between these 40 plates by tightening or 
loosening a screw which clamps them together. It has been 
found convenient, where these rheostats are used on the double 
test tables advocated, to have a hand wheel at each end, as in 
Fig. 174. If the rheostat is placed across the table somewhere 
about the centre it can then be worked from either side with- 
out having to be turned round each time. The carbon blocks 
are insulated from the frame by slate rods running along the 








Fio. 174.— Paul's Cabbok Rheostat, utted with Two Hand Wheels. 

length, and at the ends by means of a fibre strip fixed on the 
terminal plates between them and tlic plates upon which the 
ends of the adjusting screws press. The range of the appa- 
ratus can be altered by having other terminal plates not 
provided with the fibre insulation, which can be slipped in 
between any two carbon blocks. If one of these be inserted 
between the middle two plates of the set, and one pole con- 
nected to it, the two halves can be used in parallel if the other 
pole he joined to the two end terminal plates, thus doubling 
the ampere capacity. 

Another form of rheostat most usefulfor meter testing is 
the Wirt rheostat. This is a wire rheostat which is practi- 
cally non-inductive, owing to the manner in which it is made. 
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A high- re si stance insulated wire is wound in a coil on a 
paper cylinder. This cylinder with the wire on it is then 
squashed Hat and wrapped round a brass drum, being kept in 
position by cord bound tightly round it. The wire, therefore, 
lays on the drum parallel to its axis, the inside layer sepa- 
rated from the outside one by the flattened paper cylinder. 

A sort of commutator is made by turning or liliug the insu- 
lation for about £ in. all round the outside layer, and a fixed 
brash makes contact at any point as the dram is turned. One 
end of the wire is connected to a ring driven over the binding 
cord, on which another fixed brush makes contact. By turn- 
ing the drum the whole wire i3 put into circuit or gradually 
cut out, the steps being very small. Fig. 175 represents two 
such rheostats. 




The one on the left has a resistance of 25 ohms. Having 
about 270 contacts, the resistance per contact is about 
0925 ohm. It will stand a current of about 2 amperes 
without getting overheated, and is found very useful for regu 
i main current during low load tests. 
The small one on the right (Fig. 175) is used for regulating 
;he pressure when testing watt-hour or watt meters, It has a 
,1 resistance of 50 ohms, and the number of contacts being 
i, the resistance per contact is 0151 ohm. 
Another rheostat, which is more adapted to calibrating volt- 
terB, is shown in Fig. 17G, and is one which is easily made. 
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It is a water rheostat, and consists of a glass jar, 11 in. high 
by 3 in. in diameter, which stands on a block of teak cleated 
to the upright board. 

Two discs of lead form the plates, the bottom one being 
soldered to a brass rod which runs up inside the vessel, being 
covered by a piece of rubber tubing and connected to one 
terminal through a fuse fixed on the back of the upright board. 




Water Rheostat. 



To the centre of the other plate is soldered a small brass rack, 
which engages with a pinion fixed to the bracket over the jar. 
The pinion spindle has a milled wheel, preferably of ebonite, 
to insulate it, and the upper plato is thereby raised or lowered 
any desired amount. Such a rheostat has a very high resist- 
ance with the plates far apart. The plates are prevented from 
touching each other by a pin inserted in the rack, which forms 
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a stop. The motion should be made fairly stiff to prevent the 
rack running down, and, if necessary, a spring may be used as 
a brake, pressing against the pinion spindle. Should the 
resistance be too high, a drop or two of acid is added. Elec- 
trostatic voltmeters can also be compared throughout their 
range by using the rheostat and a lamp as a load across the 
terminals of the voltmeters. 

For the regulation of large currents up to 500 or 800 amperes, 
such as would be used for testing station meters, the Author has 
designed and found useful the adjustable resistance shown in 
Fig. 177. It consists of six sets of six strips in parallel of 
german-silver, soldered at each end into brass blocks, which are 
mounted on slate strips, these latter being screwed to two iron 
bars at each end, which also serve for fixing the apparatus. 




Fia. 177. — Heavy Cl-rrent Rheostat. 



Each brass block has two thumbscrews for clamping a connect- 
ing piece which is hooked at one end, so as to fall on to the 
thumbscrew of the next block. By this arrangement the 
resistance can be connected up all in series, or in any com- 
bination, to all in parallel, such as two in parallel, three in 
series ; four in parallel, two in series ; and so on. It is found 
that final regulation can be made by tightening or loosening 
slightly the thumbscrews. 

When the strips are all in series such a resistance will carry 
about 300 amperes without getting overheated for about half 
to one hour. All six in parallel will take 1,500 amperes quite 
comfortably for a short time. The resistance of each unit is 
approximately 0'000923 ohm at 270~F. The approximate length 
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of each strip is 15 J in., width 3 in., and thickness of each indi- 
vidual strip 0018 in. It is used with one or two large secon- 
dary cells for continuous-current testing, or with a step-down 
transformer (10 to 1 ratio) from the 100 volt supply on alter- 
nating current, when it becomes' more convenient to regulate 
by inserting resistance in the primary of the transformer. 

Choking Coils. — In alternate-current work it will be neces- 
sary to test certain meters on inductive loads. Meters which 
are intended for arc lamp or motor circuits should certainly be 
tested on inductive loads, as they will be expected to register 
the energy taken by such loads when erected on consumers' 
premises. The easiest way to obtain inductive loads is by 
inserting in the circuit a choking coil in series with the non- 
inductive resistances already referred to. It therefore becomes 
necessary in alternating-current test rooms to provide such 
coils, their size depending on the size of meters tested and 
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Fig. 178. — Impedance Coil with Adjustable Core. 

the amount of choke or lowness of power factor required. As 
a rule nothing lower than a power factor of 0*5 or 0*6 will be 
required, and these are fairly easily obtained by using ordinary 
straight coils with iron cores, capable of being pulled out of 
the coil, and provided with some means of fixing the core at 
definite points to prevent it being sucked back into the coil. 
Certain forms of arc lamp chokers are very useful for this work. 
A choking coil for heavier currents than would be taken by 
a single arc lamp is shown in Fig. 178. This coil has 245 turns 
of two copper strips, each Jin. by T Vi n « The core is 13 in. 
long by If in. wide and l£in. deep. The coil is mounted on 
a board of about twice its length. Kiveted to and underneath 
the core is a strip of brass just over double the length of the 
core and having a slit along it. This brass strip slides over 
the top of the pillar at the end of the board and is clamped at 
any position by means of the milled headed screw which passes 
through the slit. This makes a convenient coil for obtaining 
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power factors as low as about 0*1 with a current of 30 amperes 
on a 100- volt 60-period circuit. Two or three coils of similar 
design with various numbers of turns and sections of wire are 
very useful. Regulation can be effected either by sliding the 
choker core or by a carbon rheostat. A very convenient, 
though probably too expensive, arrangement for obtaining 
artificial power factor loads is to have two alternators and 
one continuous-current machine with their shafts joined by 
couplings, which allow of the altering of the relative positions 
of the alternator armatures. The angle of lag cannot, how- 
ever, be assumed to be the angle of displacement of the arma- 
tures, as it would depend somewhat on the loads on the 
alternators. By regulating the speed of the continuous-current 
motor various periodicities can be obtained, and any power 
factor from 1 to is also produced by arranging the lead of 
one alternating armature relatively to the other. 

Transformers. — Step-up and step-down transformers are very 
useful for high-tension and alternating-current testing with 
heavy currents, and there should certainly be some at the dis- 
posal of the department. Large station meters would pro- 
bably be selected which are suitable for power-factor loads, and 
consequently it is not important that they should be tested on 
a circuit of power factor = unity. It therefore becomes possible 
to test them, the main current being obtained from a step-down 
transformer, which avoids the necessity of providing a large 
energy-consuming resistance in addition to the advantage of 
the saving of the energy. Transformers for testing purposes 
are sometimes made with both primary and secondary wind- 
ings split up into a number of "coils, the ends of which are 
taken to terminal blocks, and so arranged that the coils can 
be connected up in different groupings, thus giving various 
ratios and current capacities. 

Secondary Cells. — Where the continuous-current testing is 
done entirely on current taken from batteries, special cells for 
this work will be required. The end cells of a station battery 
might be used for such work, but this would lead to complica- 
tions, as perhaps the testing cells would require charging when 
the main battery was fully charged. The number and size of 
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cells for supplying the main current depends on the number of 
meters tested in a batch and on their ampere capacity, but it 



1 +i>izffl3g'' 




*M 


HjsafWi- 


s s n B 


8] Sj b' B 


: o ' i ~ i § C 


iir*t- . p ; 


j <t ^p--_,»--c 

0- | ■ His 


D'.r » ' « - 


p iL»~o." '.' i 


i a ...:.-. : 5 p c 


ikpi'T'O ■ 


Oi o jo o o 


p;J° E ° ;® 


o- > >"">c 


pf-to rs p 


: ft > |s p c 


|s : ' ! r ho : 


%- ' p : '- b e 


'" '" : ; 1 ? 1 


o; h p i c 


> - .,- > i h a 


r 1 1 I, 


fen? ...° '..[ o 


| ©■ _j r ■ „ „ c 


U [o i <- 1° 


i e«-s" =::;:?c 


'- "" i > : 


i cl: :l»„sz?c 


V ! M o *To O 


kjiw y y y y 


BjSjwy p | 




: 1 


i 



t_. 



i^Sr^sK 



Fro. 179 — Battehy Boahd. 



is as well to have fairly large ones. In estimating the voltage 
required, it must be borne in mind that the leads, rheostat, and 
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standard instruments will cause a drop in addition to the 
meters. Assuming meters are tested six in series, and the 
individual drop on each meter of the smallest size in the type 
having the largest drop is 1 volt at full load, then it may be 
reckoned that the mains will cause a further drop of 01 volt 
and the standards and rheostat up to, say, 2 volts, so that a 
battery of four cells would be required to test the smallest 
meters six in series at full load. Taking the largest meters 
tested on the same circuit to be of 75 amperes capacity, having 
a drop at full load of 0*25 volt, the six meters would only re- 
quire 1*5 volts, but the connections and leads, assuming the 
same to be used in both tests, would cause a further drop of 
1*5 volts, so that for these the battery would require to be 
composed of two cells in series. 

It is often advantageous to have more than six meters in 
series, especially if the only means of testing is by running to 
obtain readings, such as in the case of electrolytic meters. It 
is, therefore, a convenience to provide a circuit board for con- 
necting up one or more cells to the various testing circuits 
according to the pressure required to send the current through 
the meters under test. A suitable board for this work is seen 
in plan and elevation in Fig. 179.* It is capable of connect- 
ing any number up to seven cells in series to six circuits. 
The ends of the circuits are taken to the horizontal bars, and 
one cell is connected between each vertical bar with a fuse in 
circuit. The board is 4 ft. 10 in. long by 8 ft. 2 in. wide, the 
bars being ljin. wide by J in. deep. By means of the seven- 
way selector switch above the bars the volts of any cell are 
readily seen by the voltmeter also mounted on the board. 

For supplying the pressure circuits a small battery of cells of, 
say, 15 ampere-hour capacity would be required, the number 
of cells depending on the maximum voltage required. A motor 
generator or continuous-current transformer would be necessary 
for charging the " current " battery, the " pressure " one being 
charged off the station 'bus bars or battery. 

Leads.— For connecting meters in series for testing, short 
leads are necessary between the meters. It is needless to say 
that these get an enormous amount of wear, and, unless some 

* This board was shown diagrammatically in Fig. 151, p. 206. 
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special arrangement is adopted, annoyance is continually caused 
by these becoming too short for use. It will, therefore, be 
found most economical to provide leads with special ends which 
will be suitable for most types of meters, as the ends of flexible 
lead simply soldered soon require to be renewed. It is impos- 
sible to get ends suitable for all sizes as well as types, but two 
sets per table, with ends as in Fig 180, will be found to suit 
most meters which are fitted with screw terminals. 

For meters provided with sockets it is a good plan to procure 
a number of spare sockets, and to make a set of leads by sol- 
dering " flex " of suitable section into them. This method 
avoids the trouble of soldering each time such a set of meters 
is tested. 
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Fig. 180. — Flexible Leads and Ends fob connecting Meters 

in Series fob Testing. 

Portable Lamps. — Each table should be provided with a 
portable lamp for the purpose of examining a meter closely to 
detect hairs or other causes of extra friction. Some meters 
also require to be tested with their covers on, and in these 
cases, in order to see the disc through the small window, a 
portable lamp is necessary. These should be shaded from the 
eyes, but on no account must the shade be made of tinned 
iron, as this, if held close to a meter, may divert some of the 
lines of the brake magnet, and cause the meter to run fast. 

If straight filament candle lamps be used a very much 
smaller shade is necessary, and a more satisfactory portable 
lamp is the result. 

For the purpose of making temporary connections a stock 
terminal connectors should be provided. 
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METER TESTING. 

Meter testing comprises the ascertaining of the percentage 
errors, or verifying the constants of meters, and, if necessary, 
the adjustment of them so that they may be within certain 
limits of accuracy. The Board of Trade limit of accuracy is 
2*5 per cent, on either side, and meters registering the con- 
sumption to within that amount are considered accurate. In 
addition to tests for accuracy, other tests are necessary, such 
as : tests of insulation resistance, tests of shunt resistance, tests 
of fall of potential in main coils, tests for alteration of constant 
after short-circuit, tests for starting currents, &c. 

The simplest method of testing the accuracy of a meter is to 
run it on various constant loads and compare its reading with 
the number of Board of Trade units passed through. This 
method, however, apart from possessing the disadvantage of 
taking a long time, especially at low loads, may probably be 
more inaccurate than the meter itself, owing to the facts that 
the error of observation of the reading may be large unless a 
large reading is obtained, and that unless the current is kept 
constant the estimated Board of Trade units may not be correct. 

A more accurate method is to take the speed of a fast- 
moving portion (in motor meters), such as the main spindle, 
with a definite number of watts or amperes passing, and to 
calculate the watts or amperes indicated by the meter after 
ascertaining the relation in speed of the moving part to the 
units dial. The error of the meter as a percentage of the true 
vxrits passed through it is then obtained by multiplying the 
difference between the true watts and the watts calculated from 
the speed of the meter's moving part by 100 and dividing the 
result by the true watts. 
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The result is given as positive if the meter over-registers, 
and negative if it under-registers. In using the error for 
arriving at the true consumption from the consumption as 
shown by the meter, in the case of a meter which has been out 
on circuit, it is wrong simply to deduct or add n per cent, 
from or to the registered consumption. The true consumption 
is arrived at as follows : — 

If A = the consumption by meter, 
.r = true consumption, 
p - percentage error (as a percentage of the true watts). * 

Then A = x + J? , c, 



-(> + & 



A 

x = 



( 1+ 4) 



and not A 



(i-JL) 

\ 100/ 



The above difference becomes more important as the error 
of the meter becomes greater. Up to a 5 per cent, error, how- 
ever, the difference is only I per cent. 

As an example, suppose a meter from the test is found to 

indicate 1,250 watts when only 1,000 are passing through it, 

the per cent, error as a percentage of the true watts is 
1An (l,250- 1,000) ■ 

1 ooo P er ce Now, suppose the units 

for the quarter, as registered by the meter, are 500, the true 
units to be charged for would be 

500 500 



25 1-25 
+ 100 



= 400. 



If 25 per cent, were deducted from 500, 500 — 125 = 375 units 
would be charged for. 

If the error were expressed as n per cent, of the consump- 
tion in the above example, the meter would be said to over- 
register by 100— — l ' =20 per cent, of the consump- 
tion shown by the meter, and 20 per cent, of 500, or 100, would 
have to be allowed for. 
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On account of the uncertainty which occasionally arises as 
to whether the error has been given as a percentage of the 
true watts or of the watts recorded by the meter it is much more 
satisfactory for a " constant " to be given, this constant being 
the number by which the units registered must be multiplied 
to arrive at the true units. 

Thus if K = this constant, 

U, = true B.T.W. passed, 
and U m = units indicated by difference in meter readings, 

KU m = U,andK= I 1 ^. 

Now, if H = hours during which W, watts have been passing, 

1,000 HW, -U„ 
and 1,000 HW„ = U B . 

1,000 HW, _W, 

lhU8K = pOOHW m "W ,; 

where W m are the watts passing as indicated by the test of 
the meter. 

The test of a motor meter is quickly and accurately carried 
out by noting the time by a tented chronograph for a con- 
venient number of revolutions of some quickly moviDg part 
(generally the brake disc). The number of revolutions 
counted is preferably a round number per ampere, and such 
that a time of about 100 seconds or more will be taken to per- 
form the number of revolutions selected. 

If T = the time in seconds in which R revolutions should be 

made if the meter were correct, and T m = the time actually 

T 
taken for R revolutions, the constant K = -=?*. For W,T = BR 

and W, = ?^; also W Hl T wl = BR, and W m = ^ R , 

" vT -7rr 



m 



If a number of revolutions can be selected which, in addition 
to being a round number per ampere, also requires a time of 
100 seconds, it will be seen that a hundredth of the time T w 
taken is the constant K. Thus, if the main spindle of a 200 
volt 10 ampere meter should make 40 revolutions (4 per 
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ampere or 1 per 50 watts) in 100 seconds at full load, the results 
of the test could he set down without any calculation thus : — 



XKTntba 


No. of revolu- 


Time in 


" K." 


W ft M8. 


tions counted. 


Seconds. 


2,000 


• • • • 411 • • • • 


98-6 


0-986 


1,000 


• • • • «u • • • • 


992 


992 


500 


• • ft • 1U • • • • 


99 8 


0-998 


100 


• • • • « •••• 


108-6 


1-086 



A further advantage of varying the number of revolutions 
according to the load counted instead of the time for a con- 
stant number of revolutions is that the chronograph is run for 
approximately the same time in each test, and, therefore, if 
compared against a chronometer for the same period as used 
in the tests, all errors of the chronograph, such as starting 
errors (provided they are found not to be intermittent), do not 
affect the accuracy of the tests. 



e 



THOUSANDS HUNDREDS. 
O , .0 









Fig. 181.— Dial Train of Motor Meter. 

T, the time in which R revolutions should be made, is, of 

BR 
course, given by the formula T= vn-, where B is the number 

of watt-seconds per revolution, and W t the true watts supplied. 

The number of watt-seconds per revolution " B " is found 
from the wheel ratios between the units dial and the part of 
the meter counted. 

IV. 181 represents a common type of wheel train with 
the front plate cut away to show the gearing from the units 
dial to the main spindle. 

If a, b, c, d } e,f represent the numbers of teeth on the various 
wheels and pinions as shown, starting with the unit wheel (one 
revolution of which is equivalent to 10 units), then one revo- 
lution of units dial = - x c -x e - revolutions of main spindle = N, 

b U J 



36,000,000 

N 
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and .ig one revolution of units dial — 10 units = 36,000,00O 
watt seconds, N revolutions of main spindle = 36,000,000 
watt seconds, and B = watt seconds per revolution » 

In the case of ampere-hour meters of the motor type, B is 
obtained in the same way as for watt-hour meters. In fact, 
most ampere-hour meters have dials indicating Board of Trade 
unite at the pressure for which they are intended. If the dials 
indicate ampere-hours, B becomes ampere-seconds per revolu- 
tion. Meters which are calibrated in the first instance by 
altering the ratio between the units dial and the main spindle 
by the insertion in the wheel train of " change wheels " having 
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Fio. 183. 

different numbers of teeth, naturally have several values for B 
in meters of the same size, and the true time is different in 
each case. It then becomes necessary either to count the teeth 
of each change wheel in each meter or to make a long time 
test at full load, at the same time making two or three counts 
of the quickly moving part, and thus to obtain B, which can 
then be used for the tests at lower loads. 

In any case the change wheel ratio should be tested, as to 
test the meter without ascertaining that the wheel train is 
correct would be useless. Meters of this class should be pro- 
vided with testing dials— i.e., dials on which one complete 
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revolution is 10, 01, 01 Board of Trade units, in which 
case an accurate dial test can be made in a short time. 

The curve, Fig. 182, shows the relation between per cent, 
(as a percentage of true consumption) and "K,"the multiplier 
for units by meter. This curve is useful for ascertaining the 
constant of a wrong meter when the per cent, error is given. 

Connections for Testing. — Connections for testing ampere- 
hour meters are simple enough. Any number may be connected 
in series, provided sufficient E M.F. is available to obtain the 
required current in their circuit. Continuous current meters 
require to be connected up in the right direction; usually one 
terminal is marked positive, into which the positive lead should 
be inserted. 

With watt-hour meters care is required in the connections- 
Their main coils are connected in series similarly to am per e- 
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Fia. 183. — Incorrect Testing Connections. 



hour meters. If possible their shunt circuits are disconnected 
from the main coils, and are connected to a common lead 
having no appreciable drop, to which is also connected the end 
of the shunt-circuit of the standard wattmeter, or the volt- 
meter, and the test made on an artificial load. 

If a number of watt-hour meters are connected in series it is 
absolutely necessary to proceed as above, as reference to 
Figs. 183 and 184 will show. 

In these figures AB...N are the watt-hour meters, S the 
standard instrument, Z source of supply, R resistance frame, 
r carbon or other suitable rheostat, and w wirt rheostat for 
regulating the pressure. If the watt-hour meters are con- 
nected up for testing, as shown in Fig. 183, it will be seen that, 
owing to the shunt- circuits of the meters being left connected 
to the main, the standard instrument would register the current 
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taken by all the meter shunts in addition to the main current ; 
B would register the shunt current of ...N ; A those of Bto N. 
It is also evident that the potential across the various shunts 
would differ, due to the fall of potential in all the main coils 
of meters to the left of the one considered ; this varies accord- 
ing to the main current, and at full load would become im- 
portant, causing each meter to run slower than the one to the 
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Fig. 184. — Incorrect Testing Connections. 

left of it. Inserting the standard instrument in the other 
main, as in Fig. 184, prevents the shunt watts of the meters 
being registered by it, but does not otherwise prevent inac- 
curate results being obtained. 

If watt-hour meters are to be tested in batches in series it is 
essential to disconnect the potential circuit from the main, as 
in Figs. 185 and 186. In this manner all the shunts, including 
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Fig. 185. — Correct Testing Connections. 



that of the standard wattmeter, are fed from a common point, 
and none of the shunt currents are registered by the meters. 

In Fig. 186 the shunts are fed from an independent source 
of supply, Z', and as the main current is at a low voltage the 
power-absorbing resistance R may be dispensed with. 

The two sources of supply may be joined as shown by the 
dotted line X Y in Fig. 186, in which case A might be tested 
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without disconnecting its shunt from the main ; but, in order 
to test B in this way, it would be necessary to cut the main 
coils of A out of circuit, at the same time opening A's shunt, 
and so on for each meter. It is with this object that the 
standard instrument is placed in the opposite main to that in 
which the meters are connected, and this is the general arrange- 
ment shown in the diagrams of connections given in the 
Chapter on the "Arrangement of a Meter Testing Department." 
A standard wattmeter may be replaced by a standard 
ampere balance and voltmeter on continuous current, or on 
alternating current of power factor =1. It must be remem- 
bered, however, that the main coils are slightly inductive, 
and if the main current be taken from a low voltage trans- 
former, without a non-inductive power-absorbing resistance in 
series, the power factor would not be unity. Even when the 
main coil circuit is supplied with current at 100 volts pressure, 
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Fig. 186. — Correct Testing Connections. Artificial Load. 

an appreciable power factor is obtained with a few meters in 
series. On alternating current circuits, therefore, the testing of 
watt hour meters should only be carried out with a good watt- 
meter as the standard instrument. 

In Figs. 185 and 186 the shunt circuits of the meters have 
been assumed to be normally connected to the " station " side 
of the main coils which is mostly the case in practice. Con- 
nected thus, the meter registers the watts lost in the main 
coils, but does not register those consumed in its own shunt 
circuit. If the shunt be connected to the " house " terminal of 
the meter the latter registers the shunt watts, but not those 
lost in the main coils, and if friction were balanced when the 
shunt circuit is disconnected from the main for testing, the 
meter might " creep," or register on no load when the shunt 
lead is replaced. Meters having, comparatively speaking, a 
great deal of friction, or meters of large size, could easily be 
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prevented from creeping when so connected. The connections 
for testing a batch of these could still be those of Figs. 185 
and 186, and if great accuracy were required, the standard 
wattmeter should be set to what might be called a "false' 1 
reading to compensate for the change of connections for the 
test, so as to make the conditions similar to those when the 
meter is on circuit. An example will make this clearer. 

Suppose a batch of 100 volt 10 ampere meters, one pole of 
the shunts of which in the normal way is connected to the 
house terminals, are being tested at a load of 1 ampere, and 
that the shunt watts of each are about the same, say, 3 watts ; 
then, if the watt balance is set to 103 watts, and taken as 
100 watts, the correct error of each meter is obtained, for on a 
low load the drop will be insignificant. At high loads the 
drop in the main coils must be considered, and in this example 
at full load, assuming each meter has a drop of 1 volt, the 
balance would be set at 1,003- 10 = 993 watts, and be taken 
as 1,000 watts. 

If the end of the shunt cannot be disconnected from the 
main, owing perhaps to the meter being guaranteed for a period 
by the makers subject to their seals being unbroken, it then 
becomes necessary to connect up each meter separately as before. 
The watt-balance shunt will then be connected to the supply side 
of the meter, whilst the meter-shunt current will be taken from 
the " house " side. The correct error will be ascertained if the 
balance is set high by the amount equal to the watts lost in 
the main coils of the meter which will differ for each load. In 
the commoner case of the shunt being connected to the "station" 
terminal, if for any reason it cannot be disconnected for the 
test, then each meter should be tested separately, as at A 
Figs. 185 or 186, with no meters, B to N in circuit. 

Three-wire Circuit Meters. — The usual difference between 
two and three-wire circuit meters is that the main coil is divided 
into two equal portions, one of which is connected into one 
outer and the other into the other outer of the three-wire 
circuit, the shunt or pressure circuit being connected to the 
two "station " terminals as in Fig. 187*. The neutral main is 

* Meters of different makes are connected up differently, that is to say, 
terminals 1 and 4 are not always the station terminals, but 1 and 3 may 
be, or any two. 
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not, as a rule, connected to the meter. For the purpose of 
testing with balanced loads, the meters may conveniently be 
connected up as two- wire meters as in Fig. 188, the main coils 
being joined in series in the one main, so that they assist one 
another, and the shunt ends connected as in Figs. 185 and 186 
to the special shunt circuit. After ascertaining that the errors 
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Fig. 187. — Three-wire Meter Connections. 
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Fig. 188. — Three-wire Meter-testing Connections. 
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Fig. 189. —Three- wire Meter-testing Connections. 

Balance of the Coils. 



Test for 



of the meters are within the allowable limits on balanced loads 
in the above manner, it is further necessary to check the effect 
which each half of the main circuit has on the speed. The 
limiting case of unbalanced load is load on one half and no 
load on the other. If, therefore, one main coil is cut out of 
circuit, the speed of the meter should be half of what it would 
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be at the same load with the two coils in circuit. If this is 
found to be the case the coils are balanced. 

Another way of ascertaining this easily is to connect up the 
main coils so as to oppose one another (Fig. 189), and switch 
on full load or an overload (which will do no harm for a short 
time). If the coils are balanced, no motion of the main spindle 
will be noticed. If out of balance, the main spindle will rotate 
either backwards or forwards, depending on which of the two 
fields is the stronger. As the difference will probably be very 
small, the speed will be low. It is, therefore, advisable to use 
an overload, which makes the test more sensitive. 

Polyphase Meters. — For the registration of tho energy con- 
sumed in two or three-phase circuits single-phase meters may 
be employed, or meters specially constructed may be used. 
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Fig. 190. — Two-phase Connections. 
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Fig. 191.— Two-phase Connections. 

Two-phase circuits may be as in Fig. 190, in which case the two 
phases are separate and become two single-phase circuits, or as 
in Fig. 191 where the two phases have a common return. In 
either case two meters inserted as shown (M x M 2 ) would register 
the consumption, the total consumption being the sum of the 
two individual ones shown by each meter. 
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If the circuits are balanced, as in the case of two-phase motor 
loads, only one meter in one of the circuits would be necessary. 
This meter might be provided with a counting train to indicate 
the total energy, or if an ordinary meter be employed a multi- 
plying constant of 2 would naturally have to be used. 

Three-phase circuits are arranged in three different ways, as 
shown in Figs. 192, 193 and 194. 
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Fjg. 192.— Delta or Mesh Circuit. 

The measurement of the total power given to a delta or 
star system (Fig. 192) or (Fig. 193) can be made with one 
indicating wattmeter, provided the circuits are equally loaded. 
They may be inductive or non-inductive. The wattmeter main 
coil is inserted in one of the three leads, with one pole of its 
shunt connected to the same lead, and the other pole of its 
shunt is connected to the other two leads in succession The 
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Fig. 193. — Star or Y Circuit. 

two readings Wx and W 2 are taken, and the true power is : 
W = KW 1 + KW 2 , where K is the multiplying constant of the 
wattmeter to reduce its readings to watts. 

In the special case of the star or Y arrangement with a 
common return (Fig. 194) three wattmeters with their series 
coils inserted one in each main, as shown, with all their shunts 
connected to the common return, would be used, when the total 
watts would be W = K W x + KW 2 + KW 8 , K being as before the 
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multiplying constants of the wattmeters. If each phase be 
equally loaded, one wattmeter would suffice, the true power being 
three times that obtained by the wattmeter. 

If the circuits are unequally loaded in Figs. 192 and 193, 
two wattmeters would be required connected as in Fig. 195, 
when W = KW 1 + KW 2 . 

With .an angle of lag of 60deg. (cos<£=0'5) one wattmeter 
will read 0, the whole power being registered by the other 
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Fig. 194. — Threb-phase Star Connections with Common Return. 

if cos <j> is less than 0*5, one wattmeter will read negative. The 
total watts in the case of an unequally -loaded system can be' 
obtained with only one wattmeter by using a special switch, S x 
(Fig. 196), to throw over the series coils from one main to 
another. The shunt is then connected to the third main. Two 




A/W 

Fig. 195. — Three-phase Connections: Unequally Loaded Circuits. 

readings are taken : the current on each of the two mains, and 
the volts reversing. Key S 2 may be necessary in the shunt 
circuit, as the wattmeter may read negatively when thrown 
over. When a negative reading is obtained as above, the sign 
of one reading must be changed, the true power being the 
algebraic sum of the watts obtained by each reading. 

From what has been said it is apparent that it is possible to 
meter the energy in a two or three-phase circuit by employing 
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two single-phase watt-hour meters connected as in Figs. 190, 
191 or 195. This method, however, possesses disadvantages. 
Firstly, two meters would take up more room than one and 
would be more costly ; secondly, two readings would have to 




Fig. 196. — Connections for Measuring the Power in an Unbalanced 
Three-phase Network by means of One Wattmeter. 

be taken (with the possibility of errors in reading), and their 
indications would have to be added algebraically, giving a 
further chance of mistakes being made. It is, therefore, pre- 
ferable in every way to use a polyphase meter in which one 
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Fig. 197. — Connections for Testing Two or Three-phase Meter on 

Single-phase Circuit. 



set of dials gives the true consumption. Such meters are 
usually composed of two motors, either acting on a common 
disc or rotor, or on two discs or armatures carried on the same 
spindle ; or, in the case of clock meters of the Aron type, which 
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have their pendulums and main coils arranged as previously 
described. Fig. 197 shows the connections which may be used 
for testing a polyphase meter on a single-phase two- wire cir- 
cuit, such as those previously described. The meter is tested 
as two separate meters, but care must be taken that both shunt 
circuits are connected during all the tests. A throw-over switch 
T enables either of the main coils to be put into circuit and 
each is tested separately. The full-load speed on one main 
coil should be half the normal full-load speed of the meter. 

Meters of large capacity for alternating-current circuits are 
often provided with series transformers, and, if for high pres- 
sures, with step-down transformers to reduce the voltage. By 
this means a standard small-size meter, with a special register- 
ing train which registers the kilowatt hours, taking into con- 
sideration the ratios of transformation, is usually employed. 
In such cases the meter itself may be tested, and the trans- 
former ratios verified separately. It is preferable, however, to 
test the meter with its series transformer connected up as in 
practice. When step-down transformers form part of the meter 
set it is important that one of the tests on the transformer 
should be a "pressure test" from high-tension coil to low- 
tension coil, and to case or core, with a pressure of one and a 
half times the normal high-pressure voltage on which the set 
is to be used. 

Testing Motor Meters. — A set of motor meters of the same 
size and make having been connected up in series on the test 
table and undamped, the first thing to do is to examine all the 
counting trains to see that they are free, and that there is 
sufficient — but not too much — play between the worm and 
wormwheel. They should also be examined for constant — 
i.e., that they have the correct train for their size. With 
meters having a uniform speed and constant, this becomes 
hardly more than a matter of inspection after a little practice, 
but a short dial run should also be made. The jewel should 
be quite smooth and possess a polished surface, which can be 
ascertained by feeling it with a sharp needle. 

The brushes and commutators next require examining (in 
such meters as have them). Upon the state in which these 
are left depends to a very great extent the successful running 
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of this class of meter. The tension with which they press on 
the commutator should be just enough to prevent sparking 
with slight vibration. The correct tension is felt by lifting one 
brush off the commutator. The second brush should leave 
the commutator when the one lifted is between T l ff in. and £ in. 
from the commutator. Each brush should bear quite flat, and 
not on its edge : this is most important. The shunt current 
should not be left on while the brushes are being set 

It may save a lot of trouble if the compounding coil is tested 
to make sure that it is helping and not opposing. This is easily 
done by tapping the meter with the shunt current on, but no 
main current ; the disc should then rotate slowly in the right 
direction. Meters having brake magnets should be carefully 
examined to see that no grit or particles of iron are between 
the poles and the brake disc, and that no hairs or stray threads 
are clinging to the armature. 

Motor meters containing mercury are more difficult to 
examine, owing to the armature, or moving part, being enclosed 
and not visible. If friction is apparent by bad or non-starting, 
the first thing to examine, as in other motor meters, is the 
wheel train, especially where it gears with the main spindle. 
To examine the jewel it is necessary to empty the mercury. 
Sometimes bad starting may be due to contact of the main 
spindle with the clamping gear or to bubbles in the mercury, 
or perhaps an iron filing in the mercury chamber, in which 
case the mercury must be emptied out in the hope 'that it may 
bring the obstruction with it, fresh clean mercury being used 
to refill the chamber. 

After having ascertained that the friction is not above the 
normal, and that the meter starts with the usual starting 
current, the full load may be switched on, and after running a 
short time the test at this load made. A test at a low load 
(y^th or ^jth of full load) will then be sufficient for meters 
having a straight line law, but in those cases where the law 
is otherwise, tests at intermediate loads will be necessary. 
Induction motor meters are often faster at a middle load than 
at high or low load, and a test at half load is therefore advis- 
able of meters of this class. They should also be tested on an 
inductive load of power factor of about 0'6 if at all likely to 
be used on inductive loads. 
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Some meters are affected by a short-circuit, the usual effect 
being a weakening of the brake magnets caused by the intense 
momentary field set up by the rush of current through the 
main coils. It is, therefore, advisable to cause a short-circuit 
through such meters by connecting them through a fuse of 
double the meter capacity to a supply at the correct pressure. 
It is not necessary to do this to every meter after it has been 
ascertained that no damage is caused. Many meters are pro- 
vided with an iron plate between the coils and the magnets, 
which acts as a magnetic screen, and diverts the path of the 
field, causing it to pass through and above the screen instead 
of through the magnets. In some meters the magnets are 
placed so that their length is at right angles to the field of the 
coil, in which case they are little affected. 

Where tests have to be made by taking readings, as in the 
case of the Aron and electrolytic meters, it is necessary to 
make the run long enough to produce a reading sufficiently 
large to prevent an error of more than 0*5 to 1 per cent, in the 
reading at the most. This me ins that a reading of at least 
20 B.T.U. must be obtained on such meters as the Bastian or 
Wright electrolytic, or 2 on the last dial but one of meters 
possessing dial trains. A larger reading, ho we ver, is recommended. 

The current and volts require to be kept constant by regu- 
lating during the test. Electrolytic meters, such as the Bastian 
or the Wright, which necessarily require a long run, may con- 
veniently be tested by means of a good motor meter, such as 
an O.K., which can be standardised during the run. 

In this way it is not necessary to regulate during the test, 
as the current variations ought to be felt both by the meters 
under test and the meter used as the auxiliary standard. 
Provision should be made for connecting up a number of such 
meters, as a quantity take very little longer to test than a few, 
the only difference being the extra time in taking the readings. 
It is desirable to test shunted meters at more than one load to 
ascertain if the curve is a straight line. If the cell circuit 
resistance is not properly compensated for temperature the 
errors will not be the same. The cell circuit may be tested for 
resistance at two temperatures, differing by about, say 15°C, 
when practically no difference should be found in the resist- 
ance if the compensation is correct. When the necessary tests 
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to ascertain the carves of the meters are completed, the shunt 
currents of watt-hour meters may be taken, as also the starting 
current, after which all current is switched off; the end of the 
shunt which had been disconnected from the main is replaced, 
and the meters are ready for insulation test to case. 

The quickest way to ascertain the insulation resistance is 
with an ohmmeter and generator. The "line" lead is con- 
nected to one of the terminals of one of the meters, and the 
" earth " lead to the case. The shunt lead must be replaced 
before the insulation resistance is taken, otherwise the result 
would only be that of main, or of shunt circuit to case, accord- 
ing as to whether the " line " lead had been connected to a 
main or shunt terminal. The above tests are those which 
should be made on each meter intended to be sent out on 
circuit, and meters passing all these tests satisfactorily are 
ready for serial numbering and sealing. 

Prepayment meters require further testing to prove the 
accuracy of the prepayment gear, which is usually an attach- 
ment to the ordinary meter. These tests include : (1) 
Checking the ratio of the additional wheels and pinions 
of the prepayment attachment, which is a similar operation 
to the ascertaining of the watt-hours per revolution. (2) Tests 
of the slot with actual coins. For this purpose it is desirable 
to collect a few new, medium, and very thin coins, as any 
and all of these will probably be used in practice. The 
slot should also be tried with other coins than those for 
which is the meter designed. For instance, a meter to take 
sixpenny pieces should not allow of farthings being inserted ; 
one designed to take shillings must not have a slot capable 
of admitting halfpennies, and so on. (3) Tests of the cutoff 
gear and switch : Several trials should be made to ascertain 
that the cut-off gear acts without fail, and that the switch is not 
likely to stick in when it should come off. Equally important 
is it that it cannot, by shaking or otherwise, come off too soon. 

The switch should be double break and quick break, its con- 
tacts being good. Switches in prepayment meters have up to 
the present not been particularly good, and the Author has had 
trouble with these, more especially in the contacts, the switch 
acting but not making good contact. This is a most important 
point in connection with prepayment meters, as nothing tends 
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to put this system of charging so much into disfavour as the 
fact that a consumer is left in the dark after having put the 
coin in. 

It would be a long operation to test the meter for cut-off by 
running it even at full sp?ed in the usual way. Several types 
of prepayment meters can, however, be run down by hand in a 
few seconds, and consequently many tests can be made in a 
short time. The method differs with each meter. When test- 
ing the cut-off in this way, on nearly reaching the point at 
which cut-off takes place the speed of running down should be 
reduced to the normal rate if possible, and care taken that the 
cut-off does not occur prematurely, due to shaking. It is not of 
great importance that the meter be within the 2\ per cent, 
limit of accuracy when running to the point of cut-off at each 
test ; probably this accuracy would not be obtainable. In most 
meters, if the cut-off takes place too soon on one occasion it 
will be too late on the next, thus the mean result by a number 
of trials is what is required ; but there should not be a very 
large difference between trials, as the consumer would then 
notice the difference in the amount obtained per coin and 
would lose confidence in the meter, assuming he alwaj's ran to 
the last mite. As, however, owing to the inconvenience of 
being put in the dark, and to the fact that more than one coin 
can be inserted at a time, the probability is that prepay- 
ment meters are seldom allowed to cut-off in practice, con- 
sequently the error of a prepayment meter is not the one 
obtained by running to the point of cut-off, but the error when 
running ordinarily, like any other meter ; this, however, in no 
way diminishes the importance of a positive action of the 
cut-off gear. 

Demand indicators are very easy to test. A number are 
connected up in series with the standard instrument in circuit. 
They are all set to zero, and steady currents of different strengths 
are passed through them for the specified time (or perhaps a little 
longer at low loads). After each " run " a reading is taken. 
Those intended for motor loads should be tested with, say, 
100 per cent, overload for a minute or two. If provided with 
two scales, which is usual, one being calibrated in amperes and 
the other in units to be consumed per quarter (or other period) 
before the reduced price is charged, the latter scale should in 
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each case be checked by calculation at a low, high, and inter- 
mediate point. 

Sample meters — that is to say, meters of a new type not 
previously employed — should be further tested for torque, effect 
of temperature and drop. 

Torque Tests. — The full-load torque of meters varies from 
about 30 gramme centimetres down to about 1 gramme centi- 
metre, the torque of the majority being considerably under 
the higher figure mentioned. 

It being essential that the torque necessary to overcome 
friction be a small fraction of the full-load torque, the former 
naturally becomes a very small force indeed. 

Very little has hitherto been written on this subject, but 
Mr. S. Ever&hed, in an appendix to his Paper, "A Frictionless 
Motor Meter,"* gave a lot of information. 

The forces tending to retard the motion of a motor meter 
are brake friction, mechanical friction and air friction. Brake 
friction is propoitional to the speed, mechanical friction is 
practically independent of the speed, and air friction approxi- 
mately proportional to the square of the speed. The latter 
becomes of little importance if the full-load speed is kept low 
and if the moving portion has no parts which will act as fans 
when rotating. If air friction is neglected and 

F = torque necessary to overcome friction, 

B = brake torque at speed = 1, 

T x = torque at speed = S^ 

T 2 = torque at speed = S 2 , 

Tt-F + BSa 

T^F + BS* 

from which F and B are easily found. 

= o — a- and F = — « — « 

^2 — «1 °2~" °1 

If air friction is taken into account, since this may be taken 
proportional to the square of the speed, 

T^F + BSi + AS 2 ! 
T 2 = F + BS 2 + ASV, 

* Journal, I.E.E., Vol. XXIX., No. 146, July, 1900. The Electrician, 
Vol. XLV., p. 513. 
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where A is the coefficient of air friction. A third result must, 
therefore, be taken at another speed, 

T 8 = F + BS 8 + ASV 

From these three equations the values of F, B and A can be 
found : — 

(T 3 - T 2 )(S 2 - S.) - (T 2 - T\)(S :l - S 2 ) 

A - (S.-s,)(8*-Si)(a,-ai) 

F = » {T 3 + T 2 + T, - B(S 3 + S 2 + S.) - A(8* a + S« 3 + S\)}. 

To obtain F it is necessary to considerably weaken the brake. 
This is not possible in some meters, but where the brake is a 
magnetic one, the magnet being used only for the brake, this 
can easily be done by moving it away so that the edge of the 
brake disc only just comes between the poles ; or the magnet 
(or magnets) may be replaced for the test by a very weak one. 
Under these conditions some time should elapse after the 
current is switched on before taking a count of the revolutions, 
as the armature will be slow in attaining its constant speed. For 
this reason several counts should be made, and the first ones 
rejected if it is found that the speed is increasing. With the 
weakened brake very small currents will, of course, be required. 
If the brake be weakened in the ratio of J&, about ^jth of 
the full- load current will produce full-load speed. Apparatus 
for measuring the torques T (in gramme centimetres) was illus- 
trated and described in the previous chapter. The procedure 
is as follows : With a definite weight in the scale pan, increase 
the current by regulating until the weight is lifted off its 
support. When quite off the support, regulate until no motion 
is obtained, and note the watts or current. It is as well to 
regulate up and down to the point where the moving system 
of the meter just starts moving, first forwards and then back- 
wards. In the case of meters having an uneven turning moment, 
measurements must be taken for several positions of the 
moving system, and the mean result taken. Here the current 
should be kept constant, and the weights altered to the correct 
amount. 
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The full-loa<l torque is obtained quite easily, and, unless the 
friction torques are required, there is no need to reduce the 
brake power. If, however, the full-load torque is small, the 
torque may be measured at an overload, assuming, of course, 
that the torque is proportional to the load, which can be de- 
termined by taking the speeds at various loads and overloads. 
For the purpose of comparing the quality of two meters of 
fairly similar design, it can be seen that the resultant friction 
in each would not be very dissimilar when properly com- 
pensated ; then the full-load torque is the important factor. 
Most meters in which the friction is comparatively large are 
compensated for friction. By this means, if carried to extremes, 
it is possible to make the friction torque a negative quantity — 
that is to say, the meter will run on no load. In a compen- 
sated meter, therefore, although the actual friction may be 
relatively large, the effect of this compensation makes it small 
(and consequently difficult to measure). The drawback to 
such compensation is that it is only correct so long as the fric- 
tion remains constant. The measurement of the counter- 
frictional torque is a tedious operation, in which it is difficult 
to avoid large errors in the results obtained. . This measure- 
ment is, however, from a practical point of view, unnecessary. 
The curve of a meter depends on the ratio of full-load torque 
to counter-frictional torque ; but the curve of accuracy of a 
new meter is easily obtained by testing at various loads, and 
if found satisfactory it is a proof that the above ratio is 
sufficiently high. 

From the supply undertaking's point of view — as also the 
consumer's — the permanence of the accwracy is the important 
point, and this depends on the driving torque to a large 
extent. The friction may increase with time, but the higher 
the driving torque the less the curve of accuracy is affected by 
a given increase of friction. The increase in the friction in no 
way depends on the initial friction, but on mechanical details, 
such as quality of jewel, accurate cutting of wheels in train, 
dust, &c. 

The effect of friction is seen in the following two Tables. It 
is assumed that the two meters require the same torque to over- 
come friction when new, and that the friction increases with 
time in each case by the same amount : — 
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No 1 Meter.— Full-load Torque =1W. 



Load. 


Torque. 


1 Fl - 


% error alow. 


F 8 . 


% error slow. 


Full 


1 100 




1 


2 


2 


Half 


50 


1 


2 


2 


4 




25 




4 


2 


8 




10 




10 


2 


20 


One-twentieth . . 


5 

> 




20 

i 


2 


40 




No. 2 Meter.— Full-load Torque* 


mJOft. 




Load. 


Torque. 


Fu 


% error slow. | 


F 2 . 


% error slow. 


Full 


200 

100 

50 


1 

1 
1 


0-5 
10 

2-0 | 


2 
2 
2 


10 


Half 


20 




40 




20 


1 


5*0 


2 


10O 


One-twentieth . . 


10 | 


1 


100 


2 


200 



Fi torque required to overcome friction. 
F2 torque required to overcome friction when increased with wear. 

From the above it is apparent that an increase in friction of 
100 per cent, would cause an increase of 10 in the percentage 
error of No. 1 meter (low torque) at one-tenth of full load, 
and only an increase of 5 in the percentage error of No. 2 
(high torque) at the same load. 

Tests for Effect of Temperature. — Tests for the effect of tem- 
perature on the constant of a meter are made in exactly the 
same way as the ordinary tests. For rough tests the meter 
may be heated by a heavy current (full load, or more provided 
that it is not too high to damage the meter), a hole being 
drilled in the case for the insertion of a thermometer. To save 
energy this current is taken from one secondary cell and is 
kept on several hours. If there is room inside the case, another 
current may be used to heat a resistance placed so as not to 
touch the moving part. The current in the heating resistance 
should be switched off during each test, and switched on 
directly afterwards. 

For more accurate results an oven, capable of taking the 
meter, with a glass door to enable the temperature to be read 
and also a count of the revolutions made, is required. 

Mr. G. W. Donald Eicks, in a Paper read before the British 
Association at Toronto,* entitled "Some Tests on the Variation 

* Electrician, Vol. XXXIX., pp. 573, 601. 
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of the Constants of Electricity Meters with Temperature and 
with Current," describes a tank or chamber in which the 
meters were fixed for test. This apparatus is composed of 
two copper tanks, one inside the other, the inner one being 
2£ in. smaller than the outer in all directions, and kept central 
by means of wooden distance-pieces with holes through them. 
The space between these two tanks is filled with water, which 
is kept at a constant temperature by passing steam into it at 
high temperature. To prevent the heat escaping, these tanks 
are placed in a wooden box, the intervening space between 
this box and the outer tank being filled with sawdust. 



CHAPTER XII. 



THE TESTING OF METERS IN SITU. 

In a large^electric light undertaking a number of accounts 
will be disputed each quarter, and to settle these it is neces- 
sary to make a test of the meters in situ. Apart from the 
tests made for the [above reason, it will bo found economical 
to test meters in situ at intervals in order to ascertain how 
they are working, A staff of men (the number depending on 
the number of meters installed) should, therefore, be organised 
for this work. Each tester should have a youth to carry the 
instrument, leads, &c, whose duty it becomes to watch the 
reading of the standard instrument during the test. The 
tester should be provided with a bag containing lamp socket 
wired and lamp (for testing the starting currents), and the 
necessary tools for connecting and disconnecting the instru- 
ments, cleaning commutators of such meters as have them, 
changing jewels where necessary, and sealing up meter ter- 
minal box after making the test. 

The meter may preferably be loaded with the consumers' 
lamps, or a portable resistance composed of a bank of lamps 
may be used. Fig. 198 illustrates a portable lamp resistance 
suitable for this work. As will be seen, eight batten switch 
lampholders are fixed to a £in. teak board 16 in. by 7 J in., 
which forms a false bottom, another teak board being screwed 
underneath, leaving sufficient room for the wiring. Flexible 
leads, having suitable ends for inserting into the wattmeter 
and watt-hour meter terminals, are taken to the two single pole 
fuses, from which the lampholders are wired in parallel. The 
box illustrated, if fitted with four 32 c.p., two 16 c.p., one 8 c.p. 
and one 200 volt 16 c.p. lamps, will consume about 670 watts 
on 100 volt circuits. The 200 volt 16 c.p. lamp is useful for 

t2 
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testing the starting current. The above arrangement of 
lamps would serve for testing meters up to 10 amp. capacity, 
as it would not be necessary to test a meter of this size at a 
higher load. Larger lamps and more of them could be used, 
but a portable set should not be made too bulky. If possible 
it is better to use the consumers' lamps, as the average evening 
load can then be asked for, and the test made at this load. A 
second tost can be made afterwards at a lower load. 

The easiest and quickest way to make a test in situ of a 
motor meter is by counting the revolutions of the disc and 
comparing the watts by meter with the watts as indicated by 
the portable wattmeter-, or the current by meter with the 
current by ammeter in the case of ampere-hour meters. 




FlO. 198. — PoilTABLB L, 



For watt-hour meter-testing a wattmeter is more convenient 
than an ammeter and voltmeter, as only one reading is 
necessary, and it must be remembered that when testing in 
situ it is not so easy to keep the current steady. For this 
reason, apart from the question of carrying the apparatus, it is 
necessary to have the second man, who should watch the read- 
ing of the portable instrument during the counting of the 
revolutions by the tester. Good chronographs should be pro- 
vided for this work, and these should be checked against the 
chronometer or standard clock night and morning. The 
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portable instruments should also be standardised frequently, 
as the constant carrying about and use is a severe strain on 
delicate instruments. The Author has had considerable trouble 
with shunted instruments for this work. It is unfortunate 
that instruments of this class are unsatisfactory for testing in 
situ, as a set of shunts for one instrument enables such good 
readings to be obtained at widely different loads. It has been 
found, however, in practice that in time the constant connect- 
ing up and disconnecting, together with the coiling up of the 
flexible leads provided with these shunted instruments, causes 
a few strands of the flexible lead to break. These broken ends 
may make contact intermittently, causing variable readings to 
be obtained. The resistance of the shunted circuit being 
small, very little alteration in the resistance of the leads makes 
considerable difference in the reading of the instrument. 
Owing' to this defect, it is preferable to use instruments which 
carry the whole main current, whether they be ammeters or 
wattmeters. 

When non-inductive wattmeters are used, two readings should 
be taken with .the current in both coils reversed, in order to 
eliminate, any effect due to stray fields. It is convenient, 
therefore, to include a portable switch in the outfit, which will 
enable the change-over to be made quickly and conveniently. 

The dials of instruments used for this work should be fitted 
with mirrors under a very thin pointer, to avoid errors in 
reading due to parallax. 

The errors of test must obviously be kept as low as possible, 
otherwise meters which are within the limits of accuracy might 
appear, inaccurate, and vice versa. 

By taking two or three counts of a suitable number of 
revolutions of the quickly-moving part, and obtaining the 
mean, errors of observation in counting will probably cancel 
out, but errors due to parallax do not cancel out, as they 
depend a great deal on the observer. 

The results should be worked out immediately a test is 
made, before the load is altered, as it is then possible to repeat 
a result if it appears wide of what it should be. In so doing 
a lot of the doubt as to whether a mistake has been made in 
the test is removed. For this work a slide rule is almost an 
essential part of the outfit. 
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All calculations should be checked by an independent 
person, such as the clerk who attends to this work, before the 
constants obtained by the tester are made use of and an 
apparently inaccurate meter changed. 

Each tester should be provided with a table of the testing 
constants (or watt seconds per revolution) of all the sizes and 
types he is likely to come across on his rounds. This simpli- 
fies his calculations considerably, his formula being W m = 
BR/T, where W m = watts by meter, B = watt seconds per 
revolution, E = revolutions counted, T=time in seconds for 
E revolutions. Or the constant K (which is the multiplier for 
the watts by meter to make the meter correct) is obtained at 
one operation : K = W/W» = WT/BE, where W = the 
true watts as indicated by the portable instrument (using a 
correction if necessary). The same formula holds in the case 
of ampere-hour meters, but W is arrived at by multiplying 
the true amperes by the declared pressure. 

If several types of meter are employed, and owing to the 
fact that nearly every maker gives a different formula and 
testing constant, unless some general rule is adopted for all 
makes, great complications arise. Those meters which are 
calibrated in the first instance by altering the wheel ratio of 
the train, and in consequence have variable values for " B " 
for meters of the same capacity, should have the value in each 
case stamped on the dial or in some position where it can be 
seen without breaking the seal, and where, at the same time, 
it is not likely to be rubbed oft' or painted out. In checking 
the results of tests of such meters reference should always be 
made to the value of the constant given in the test book, 
which should agree with that on the meter. 

Meters other than motor meters cannot be tested in situ in 
the manner just described. The only way to obtain a test on 
these is by connecting another meter in series, and leaving it 
up for a week or more, until readings are obtained large 
enough to be compared accurately. This method of testing in 
situ is only to be recommended in the case of electrolytic 
meters, for it is much more costly, necessitating two visits, 
and means reserving a stock of meters. In the case of watt- 
hour meters provision has to be made for taking the shunts 
of the two meters to a common point. 
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Connections. — With ampere-hour meters the connections are 
simple. The portable ammeter is inserted preferably between 
one of the meter terminals and the lead which is taken out of 
this terminal Watt-hour meters and the portable wattmeter 

Meter 




Fig. 199. — Correct Connections for Test of a Watt-hour Meter 
in srru, using Consumer's Lamps as Load. The Dotted Lines indicate 
the Temporary Connections. 

must be connected up as in Figs. 199 and 200; the shunt 
circuit of the wattmeter is isolated from the main coil, and the 
latter is inserted on the " house " side of the meter under test. 
The leads from the wattmeter shunt terminals are connected 




Fig. 200. — Correct Connections for Test of a Watt-hour Meter in 
situ using Portable Lamp Box as Resistance, Consumer's Supply 
being uninterrupted. The Dotted Lines indicate the Temporary 
Connections. 

to the supply main terminal and shunt terminal of the meter 
respectively. If a lamp box is used, the connections would be 
as in Fig. 200. The house lead A is removed from the house 
terminal of the meter as before, and if connected to the station 
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terminal by a lead B, the test can be made without inter- 
rupting the supply. It will be noticed that with the connec- 
tions shown the current passing through the portable lamps 
passes through the shunt tee. For large loads this would not 
be safe, but up to 10 amperes no harm can be done to this lead 
for the short time during which the current is kept on. 

Testing in situ, if done properly, also becomes a check on 
the wiring of the house. It is very often difficult to trace 
wiring (especially additions), and it sometimes occurs that a 
lamp or lamps may be connected on the station side of the 
meter. The tester should, therefore, always be on the look 
out for such unmetered circuits, which are easily found out by 
leaving the end A out of the meter and trying to turn on 
suspected lamps, which, of course, would only glow if con- 
nected to the wrong side of the meter. 



.—. i 



Wattmeter! 




Supply. 



• * Meter ' > 



jmS 




D32 



i 
• 



Wattmeter 



m 



Fig. 201. — Connections for Test of a Thbee-wibe Watt-hour Meter 
in srru, using Two Wattmeters (applying a Constant of 0*5 to obtain 
the True Power if their Shunt Currents are Normal). 

Three-wire circuit meters are not easily tested in situ; it is 
therefore preferable to change them and te3t them in the test 
room. Unless a specially-designed wattmeter is obtained, 
having its main coil divided into two halves, well insulated 
from one another (to be capable of withstanding the pressure 
between the outers of the three- wire system without breakdown), 
it becomes necessary to use two wattmeters, as it is practically 
impossible to be sure that the load on each arm is the same. 

The main coils of these instruments are inserted in the two 
outers on the " house " side of the meter, and their shunt cir- 
cuits connected up to the station terminals of the meter and a 
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point on the neutral. It niiyht be more convenient to connect 
both shunts of the wattmeters, including the necessary added 
resistances, in parallel across the two outers, in which ease 
they would be under the same conditions as the meter — i.e. t 
the wattmeters would take no account of any slight difference 
in the pressure which might exist on the two aims, due to 
unequal loading. Neglecting this difference — which would be 
small — if the shunt currents ••[ the wattmeters were normal, a 



Flo. 202.— Anon Pobt*j 



constant of 0-5 would have to be used, as the instruments 
would indicate twice the actual watts passing. The con- 
nections for this test are seen in Fig. 201. Three-wire meters 
are usually of large capacity, and, apart from the difficulties of 
properly measuring the power by means of standard instru- 
ments when testing in situ, there arise others, such as the in- 
sertion into the circuit of these instruments whore the mains are 
heavy and end in special sockets, and the practical impossibility 
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of keeping the load steady during the test, owing to the prob- 
able switching off of lamps. Portable lamp banks would be too 
cumbersome in large sizes. 

In the case of meters provided with dials indicating tenths 
and hundredths of a B.T.U., tests in situ may be made by 
means of a standard meter, also having dials showing fractions 
of a unit. The standard meter would be connected tempo- 
rarily in the circuit and both meters read. The connections in 
this case are the same as if the indicating wattmeter were 
used as shown in Fig. 199, so that the shunt watts of neither 
the standard nor the meter to be tested are registered. A 
load is switched on for a short time and the consumption by 
each meter ascertained. This method is perhaps more simple 
than that in which a stop watch and standard wattmeter are 
used, but where meters have no dial lower than the " units per 
division " one, such a test would take too long. The Aron 
Electricity Meter, Ltd., make a special type of meter for such 
work, which is illustrated in Fig. 202. This instrument is 
similar in principle to the ordinary clock meters of this make 
previously described, the chief difference being in the balancing 
of the pendulums and their spring control, which avoids the 
necessity of having the meter absolutely plumb. By an 
arrangement of plugs and sockets, which, in sizes up to 
50 amperes, are, as shown in the figure, at the top of the meter, 
the instrument is made suitable for various voltages and for 
both alternating and continuous current circuits. This meter 
is made in sizes up to 400 amp. capacity. Were it not for 
the fact that comparatively few meters are provided with the= 
fractional dials, this method of testing in situ would be 
preferable to any other. 
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METER-READING. 

So much depends on the careful fixing of meters that the 
work should only be entrusted to competent and careful men. 
The choice of a site is of considerable importance, and needs 
some knowledge of the construction of the meter to be fixed, 
for the site which might be suitable for one type might be 
totally unsuitable for another, owing to vibration or space. 
The space which is required by a meter does not in all cases 
mean simply the amount of wall area upon which it can be 
fixed. Many types require head or side room, in order that 
the case may be removed without taking the meter down. In 
some instances more than double the actual area required for 
fixing must be left. The best height for the meter from the 
floor is about 5 ft. or 6 ft. At such a height it is conveniently 
read, and at the same time is not likely to be damaged. Meters 
should on no account be fixed on partitions or near any bang- 
ing door, as the shock received by the jewel each time the door 
is closed is bound to wear it very rapidly. Lath and plaster 
walls should also be avoided where possible, especially with 
heavy meters, as trouble is very likely to be caused by the 
meter falling forward and so getting out of level. 

The meter should not be fixed directly on to the wall, but on 
a " backing board " firmly screwed to the wall. Such a board, 
which has been found to answer its purpose very well, is seen 
in Fig. 203, p. 285. It is made of whitewood and varnished. 
These boards are about £ in. thick, and the battens at the back 
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2 in. wide. Porcelain bushes are provided through which the 
fixing screws pass. The board can either be fixed flat on the 
wall, or it can be kept clear of the wall if insulators are used 
behind as shown. From the enlarged section through the 
fixing hole it will be noticed that for the front porcelain 
bushes the board is countersunk in order to keep the face of 
the board clear of obstructions ; the back insulator, however, 
stands out from the crosspiece, and so prevents the board 
touching the wall. This is very desirable where the meter is 
fixed in a damp cellar (in which case the fixing screws should 
preferably be japanned). 

Various sizes of board will be required if different types of 
meter are used, but it is convenient to standardize boards as far 
as possible, and the following sizes have been found suitable 
for the meters enumerated : — 



Size of Board. 



1 ft. 1 J in. x 9 in. 



Meters for which it is suitable. 



J9in. x 9 in. 



Brush-Gutmann, Eclipse (B.N.K., N.B.) 
Electrical Co.'s (K.J. and prepayment). 
Hookliam (1901), O.K. (and prepayment). 
Reason (and prepayment). 
ScheeferThomson (old type). 
Vulcan prepayment, Westinghouse. 

Eclipse (types C.R., F.E.G., and F.E.M.). 
Electrical Co.'s (R.A.), Ferranti (A. and C.C.) 
Mordey-Fricker (and prepayment). 
Thomson (old type, 5 amp.), Stanley. 



1 ft. 4 in. x 9 in i Hookham (1897). 

Schallenberger, Vulcan. 



1 ft. 6 in. x 5 J in Fricker Demand Indicator. 

Wright Electrolytic and Demand Indicator. 



1 ft. 2 in. x 1 ft I Electrical Co.'s (K.G.), Hookham (prepayment). 

1 ft. 10 in. x 11 in : Aron (metal cased). 

It goes without saying that secure fixing of meter-boards is 
most important. With lath and plaster walls this is often 
difficult. Lath screws may hold a board firm or they may not, 
and plugging .is out of the question. If, therefore, a solid 
wall can possibly be chosen it is far preferable. t The plugging 
of walls is, however, often done in a very bad way. If a rough 
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hole is cut with a chisel, and a plug roughly made, wedge 
shape, driven into this, it is very liable to work loose, the 
taper of the wedge being the wrong way round. Blocks 








a 


a 




Fio. aOM.— Backing Board for Meikk Fixing. 

tapering in the right direction let into the hole with cement 
have been known to work loose. With this method the block 
or plug is generally wet when put in, and shrinks on drying. 
In Fig. 204 a plug is illustrated which has given great satisfac- 




a Liupi't Plvos, 



tion, being easily fixed, and extremely firm whop fixed. It is 
made by the Patent Plug Company, who also provide the 
jumpers for cutting hole? of suitable size. 
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A round hole is cut the correct size with a jumper made 
specially for the plugs : this tool (Fig. 205) is held straight 
and hammered lightly, when a clean round hole is quickly cut, 
the depth of which should be the length of the plug. The 
dust is blown out of the hole, the plug inserted, and the wedge 
driven home, which operation cracks the back or solid end of 
the plug, compressing the sides against the sides of the hole at 
the back. Plugging a wall in this way requires no skill, and 
it is quite easy to plug glazed brick walls cleanly if the jumper 
is held with its end flat on the wall and the hammer used 
lightly. 

The next point in connection with installing meters is their 
correct connecting up. Where many types are used the cor- 
rect connections are apt to become confusing, as each type 
requires a different arrangement of the mains. In some cases 
the polarity of the ends inserted is the important point, whereas 
in others the polarity is of no consequence, but the choice is 
between " station " and " house " mains. 

The following shows how the type of meter affects the con- 
nections : — 
Alternate-current Ampere-hour Meters, — Connections immaterial. 

Continuous-current Ampere-hour Meters. — Essential that the positive 
end of the bight be connected to the proper terminal, irrespective of 
whether it be the " station " or " house " end. 

Continuous-current Watt-hour Meters, and Ampere-hour Meters having a 
Shunt Circuit. — As above. The bight should also be in the correct main, 
so as to make it possible to insert the " station " main into the proper 
terminal also. 

Watt-hour Meters {two-wire) both of the Induction and Non-inductive 
Types. — Essential that the " station " end of the bight be connected to 
the proper terminal, irrespective (on continuous-current) of whether it is 
the + or - end of the bight. 

Watt-hour Meters (three-xoire). — Essential that the two " station " ends 
and the two " house " ends of the outers are connected to the proper 
terminals. 

The result of a wrong connection in two-wire meters is to 
cause the meter to record backwards or not record at all. In 
three wire meters, if one main is properly connected and the 
other reversed, the meter will not record at all ; if both mains 
are reversed the meter will record the wrong way, and if the 
two station ends are inserted into the terminals forming the 
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«nds of one of the main coils, a troublesome short-circuit will be 
the result immediately the current is switched on. It is a good 
plan for each meter fixer to have a rough sketch of the connec- 
tions of all the meters he is likely to be called upon to fix, and 
on these sketches arrows showing the correct direction of turn- 
ing of the moving parts of motor meters, leaving no excuse for 
a meter being left by the fixer wrongly connected into circuit. 
Where different types are distinguished by a " Code letter " (see 
Chapter XV. on bookkeeping), the sketches of connections are 



(Code Letter). 

/■ \ 

□ 

O . 
N A 

^4 



(Code Letter). 




C.C. only. 



2-Wire. 



Negative ends of bight turns pole finding paper red. (A. C. turns pole finding 



(Code Letter). 

a 



paper red under both ends) 

(Code Letter). 



Gt 



c 



\sr 



m 




2-Wire. A.C. only. 3-Wire. A.C. only. 

Fig. 206. — Diagrams of Connections for Meter Fixers' Use. 



preferably arranged in alphabetical order in a small pocket- 
book. Examples of the sort of sketches which have been 
found satisfactory in practice are given in Fig. 206. 

Meters may be installed on either main of a two-wire 
system, but in three-wire systems (both alternating and con- 
tinuous) with earthed neutral, no meters should be connected 
up on the neutral. 

It is apparent from Fig. 207 that if the meter M is connected 
in the neutral lead as in the house " A," and an earth occurs 
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on the house side of the meter (as at E), the meter will be par- 
tially short-circuited. If the meters are invariably connected 
up in either outer as at the house B A the earth will nota fleet 
the registration of the meter. (An earth occurring on the same 
main as the meter would in this case, of course, be a short-circuit.) 
In connection with three-wire networks another point which 
— although not relating to the erection of meters — is important, 
as far as their proper working is concerned, is the reversing of 
the ends of the meter bight in the case of continuous-current 
ampere-hour meters in all cases where the house is connected on 
to the other arm of the network. For purposes of balancing it 
is sometimes necessary to do this. In Fig. 207, if B x is put on 
to the other arm as at B 2 , it is necessary to connect the meter 




Fig. 207. — Installation of Meters on Three-wire Networks. 

up as at B 2 — that is to say, to reverse the ends of the meter 
bight, otherwise the meter will work backwards, if a motor 
meter, the reading being gradually wiped out. Electrolytic 
meters will also cease working unless their connections are re- 
arranged. 

Where meters are clamped, the next thing to be done after 
the connections are made is to unclamp the moving portion of 
motor meters provided with clamping gear, after which the 
terminal box cover should be replaced and sealed up. If the 
service is on, every meter should be tried for starting with, 
preferably, a lamp of the installation, or with a portable lamp 
should it not be convenient to switch on the former. If the 
meter does not start when the lamp is switched on, the first 
thing to look at is the clamping gear, for the unclamping may 
not have been performed completely. The next thing to look 
at, in the case of watt-hour meters, is whether there is any break 
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in the shunt lead to the meter, or whether tbia has been taken 
off the same main as that to which the main coils are connected. 
By means of tbe portable lamp lead this is easily tested by 
touching one end of the lead on the main and the other lead 
an the shunt terminals, when the lamp should glow. 

The circuit having been proved in order up to the meter 
terminal, it is easy to see if the current is flowing through the 
meter shunt by disconnecting the shunt lead at the meter ter- 
minal and " flipping" to see if the current spark is present. 
Owing to the fact that in testing watt-hour meters the shunt of 
the meter is usually disconnected from the main terminal, it 
may in some cases not have been replaced. The fault is easily 
remedied if the meter fixer knows what to look out for. 
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The usual method of sealing meters is by means of lead seals 
through which wires are passed, the seal then being squeezed 
by means of sealing tongs which contain a die or dies. The 
general form of sealing tonga is seen at A (Fig. 208), although 
different forms — some of which are over 2 ft. long — are used. 
Those illustrated at A (Fig. 208) aroSjin. long and weigh 2i lb. 
With a view to reducing size and weight the sealing clamp B 
(Fig. 208) was designed and found to answer equally well. The 
difference in size is seen in the figure, and the weight of the 
clamp is only 8 oz. The one die, a, is screwed into the frame, 
whilst the other, b, is supported by the screw, as in Fig. 209, 
so that when pressing on the seal it does not turn as tbe screw 
is tightened. 

Each meter-fixer should have his own sealing tongs or 
clamp, the dies of which bear a special number. Meters sealed 
in tbe department before being sent out should be sealed by a 
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punch or clamp having special dies. It then becomes possible 
to trace who last sealed the meter or whether it has been 
opened since its erection. 

Penalty plates are sometimes used with a view to the pre- 
vention of the breaking of seals by unauthorised persons. A 
penalty plate is simply a brass stamping with an eye into 
which the lead seal is passed before being pressed. The plate 
usually bears an inscription resembling that in Fig. 210, in 
which a seal and plate are seen before and after punching. 

In the case of apparatus such as prepayment meters or 
demand indicators, which are periodically opened for the pur- 
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Fig. 210. — Seal and Penalty Plate. 

pose of collecting the coins or resetting to zero, a more con- 
venient way of sealing is by means of a padlock seal, such as 
the Tourtel or the Chubb. In these padlocks the hasp when 
pressed home is self-locking, and it also locks a small door in 
front of the keyhole. The keys are all similar. In front of 
the keyhole a paper ticket bearing a special number is placed 
before closing the lock. This ticket being placed over the key- 
hole, and held in position by the door already referred to, it 
becomes impossible to open the lock without breaking through 
the paper. If the paper is broken this is at once apparent 
to the inspector. 
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METER BEADING. 

Accurate meter reading is a great desideratum, and although 
readings, as a rule, are not difficult, the meter reader should, 
nevertheless, always he on his guard, for he is sure to come 
across some in which he is very apt to make a mistake. With 
ordinary dial trains, such as those illustrated in Figs. 211, 212, 
213 and 214, the difficult readings occur when one or more of 
the hands turn through the zero. In this type of counting 
train the spindles carrying the hands are geared together by 
means of wheels and pinions having a 10:1 ratio. In the 
examples illustrated each hand makes one complete revolution, 
while the hand next to it to the left passes through one-tenth 
of a revolution, and alternately the hands turn clockwise and 
counter-clockwise, the spindles being directly geared. In some 
types of dial-counting trains all the hands turn in a clockwise 
direction, additional spindles, carrying toothed wheels, being 
inserted between each hand-bearing spindle and the next. 
Another type of pointer dial train which makes all the hands 
appear to turn in the same direction has been brought out by 
the International Electric Co. In this the hands and dial discs 
alternately are stationary or revolve — that is to say, if the first 
pointer revolves the second is stationary, the disc of this one 
revolving, and so on. If meters having trains of these 
different types are used on the same system, the meter reader 
should be warned of this fact. In reading meters having dials 
of either of these types, it is perhaps easier to take the reading 
backwards, i.e., to read the units dial first, then the tens, and 
so on, the general rule being to take the lowest number when 
a hand stands between two numbers. When a hand is near 
zero, however, the next hand higher up*the train is very nearly 
over one of the divisions of its dial, and the correct reading for 
the latter is determined by the position of the former. In Fig. 
211, for example, the units hand has just passed through zero, 
consequently the 10 hand must be taken as reading 1. Had 
the units hand been between 9 and instead of between and 
1, the correct reading of the 10 hand, even in the position in 
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which it is seen in the figure, would have been 0, the 10 
hand having passed the 1 mark before it ought to have done 
so. Thus in the first case, Fig. 211, the units hand would be 
taken as reading 0, the 10 hand 1, the 100 hand 9, the 1,000 
hand 8, and the 10,000 hand 9, giving a reading of 98,910 
B.T. units. 




Fig. 11.— Reading 98910. 




Fig. 212— Reading 01399. 



Possible inaccurate readings would be 09,910 and 99,910, 
for which there would be no excuse, as the hands are not out 
of place. In the dial shown in Fig. 212, the correct reading of 
which is 01,399, the 100 hand is slightly out of position, 
having passed the 4 before its time, and a careless or inex- 
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perienced reader might take the reading as 01,499, making 
an error of 100 units; he might also take the reading as 
01,409. 

Figs. 213 and 214 illustrate the effect on readings of the dial 
plate being placed so that the hand carrying spindles are eccentric. 




Fig. 213.— Reading 04911. 
(Spindles eccentric.) 




Fig. 214.— Beading 04912. 
(LOOO's Hand bent.) 



In Fig. 218 the dial plate is too far to the right and in Fig. 214 
it is too far to the left. With the exception of the reading of 
the units hands the two readings are the same — viz., 04,911 
and 04,912 ; but it will be noticed that the positions of the 
Various hands are slightly different in the two figures. The 
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hands are not in their correct positions in either figure, being 
too fast or too slow owing to the eccentricity of the dial plates. 
In Fig. 214 also the effect of a bent hand is shown in the 
case of the 1,000 hand. This hand has passed the 5 mark, but 
a glance at the 100 hand shows that the 1,000 hand is out of 
position, for if the reading of two hands under consideration 
be taken "59," the 1,000 hand should be almost on the 6 mark. 
Being much nearer the 5 than the 6, it should be taken as 
reading 4 (the 100 hand reading 9, as it does). 



Namf 

Address 

Meter 

10,OCO 1,000 100 10 




Inspector's Signature 
Date 



Fig. 215.— Card for Noting Positions of Hands when 
Reading is Difficult, (Sin. by 3in.) 

It is a good plan to provide meter readers with cards (as 
shown in Fig. 215 above), on which are printed blank dials. If on 
his rounds the meter reader comes across a difficult reading, or 
one which he is not sure of, he can then fill in the positions of 
the hands. It then becomes possible to determine what the 
reading should be without a second visit to the meter, thus 
saving time to the staff and annoyance to the consumer. 

From the meter reading point of view cyclometer dials are 
much simpler than the pointer dials. Difficult readings, how- 
ever, are found with this type of dial when the numbers are 
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changing, as for example from 59 to 60, or, say, from 4,999 to 
5,000, when the tops of the lower numbers and the bottoms of 
the higher ones are visible through the slots of the front plate. 
With the springing number counting trains the intermediate 
positions do not occur, and these are therefore the ideal type 
of counting trains from the reading point of view, as with 
them mistakes in reading can only be due to great carelessness 
on the meter reader's part. 

Readings of meters such as the Wright electrolytic are 
fairly easily taken, but owing to the fact that in some sizes one 
division of the scale is equivalent to one B.T.U., whilst in 
other sizes a division represents two B.T.U. or more, a mis- 
take of a few units may easily be made. In such meters of 
this make as have the syphoning tube graduated in divisions 
equivalent to four or five B.T.U. , and the whole range of 
the tube equal to 200 B.T.U., the readings become more 
difficult, and an error of 100 units is liable to be made unless 
great care is taken, which tends to lengthen the time taken in 
reading. 

The reading of every dial, figure, or tube, as the case may 
be, should always be noted by the reader, i.e., if a meter is 
found to be indicating only six units, and is provided with 
dials up to the 1,000's, the reading should be written down as 
" 0006," and not simply as " 6." In the case of the Wright 
meter, of the syphoning type, having a tube indicating up to 
100 B.T.U. and a second tube indicating up to 1,000 B.T.U., 
the above reading should be written down as 006. A reading 
entered in this way infers that all the dials or tubes were 
examined by the meter reader. 
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METER CLEANING AND REPAIRS. 

On the return from the consumers' premises of meters which 
have been out some time it will often be found that, although 
in good repair, such meters may be, and probably are, more 
or less dirty. After making a u test as returned," from which 
it may be found that the meter is slow at low loads, due to 
the increased friction caused by dirt, it becomes necessary to 
overhaul the various parts and thoroughly clean them. 

Where the covers are not airtight they can be made more 
dust-proof by applying vaseline at the joint between cover 
and case ; the vaseline catches a lot of the dust which would 
otherwise enter the meter. Another point which should re- 
ceive great attention before a meter is sent out on service is 
the joint between the glass of the window and the cover. 
These glasses should be bedded on putty, care being taken that 
no holes are left. 

Unless very dirt} 7 , there is usually no need to take the instru- 
ment entirely to pieces for cleaning. The wheel train is re- 
moved and perhaps the main moving part. Then an air blast, 
preferably from a foot blower, will remove the dust from 
positions which cannot be got at with brush and duster. The 
wheel train should be taken to pieces, and all bearing holes in 
the plates cleaned with peg wood. These should be oiled after 
•cleaning, using a clean pointed piece of peg wood which is just 
damp with the best clock oil. The slightest film of oil only 
should be allowed to remain. The pivots should all be cleaned 
with pith, and the teeth of the wheels brushed with a stiff 
watch or clock brush. If the teeth are verj 7 dirty, it may 
sometimes be necessary to soak the wheels in paraffin before 
brushing, or it is sometimes sufficient to moisten part of the 
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brush with paraffin and finish off with the dry portion. Peg 
wood can also bo used for the removal of dirt from the teeth, 
but on no account should they be scraped with a metal in- 
strument, such as a needle or small brooch. If at all burred, 
it is sometimes possible to file up a tooth, for which a tooth- 
cutting file, as used by clockmakers, should be employed. The 
bearings of the main spindle are cleaned similarly, pith being 
used for the jewel, which should also be felt with a sharp 
needle to ascertain if it is rough or cracked. If not found 
absolutely smooth it should be replaced by a good one, and the 
pivot or spindle base r 




In many meters the pivot is screwed into or on to the bottom 
of the main spindle, and can be easily removed by means of 
a key. In such cases there is no need to remove the main- 
spindle, which eftcti me:ms taking the meter to pieces. The 
practice of using a separate pivot greatly facilitates its exami- 
nation and repolishing. A polishing head or small motor 
should be provided with a chuck capable of taking the pivots 
or spindles, in which case the spindle of the headstock should 
be hollow. A motor fitted with a hollow spindle and chuck 
for this work is shown in Fig, 216. The chuck is fixed on the 
end of a tube and will take most meter spindles. The work 
necessary to briDg the pivot up to the desired polish depends- 
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on its condition. If at all flat, it should be rounded, using a 
piece of fine grain Arkansas hone, after which various grades of 
"blue-black" paper (which is obtainable at any clockmaker's 
tool warehouse) and a pivot burnisher are used. If finished 
off with crocus powder and oil a high polish is obtained. A 
strip of bell metal, oiled, is dipped into the crocus powder, 
of which a certain amount sticks to the strip, which is then 
used as a file would be, while the pivot is turned at a high 
speed. The pivot should be examined in a good light through 
a magnifying glass. The initial friction and wear depend so 
largely on the polish of the pivot and jewel that great attention 
should be paid to these precautions. The most durable point 
seems to be a spherical one. When a ball takes the place of 
the pivot, a new ball should be inserted to replace the one 
which has been running on the damaged jewel. 

The footstep jewels are usually sapphires, which rank in 
hardness next to the diamond. If only rough, and not cracked, 
they can be repolished at a reasonable cost by workers of pre- 
cious stones. Those which are cracked are useless and must 
be replaced by new stones. 

In meters having commutators, the condition in which the com- 
mutator keeps depends principally on the sparklessness of the 
brushes. If these spark the commutator soon becomes pitted and 
rough, whereas if no sparking takes place they will last for years 
in good condition, if precautions are taken to avoid, as far as 
possible, dust entering the meter. External vibration is pro- 
bably the chief cause of sparking ; it therefore follows that, in 
order to avoid this source of trouble, the brushes must have as 
little weight at their free end as possible to prevent pendulum 
action. With a light brush, also, a weaker spring can be used. 
It is the Author's experience that wire brushes give the least 
trouble. The point of contact of a circular wire on a cylinder 
being very small, the number of independent points of contact 
can be increased without causing the brush friction to be greater 
than it would be if one or two flat brushes were used, and the 
more independent points of contact there are the less is the 
chance of sparking taking place. Wire brushes, moreover, 
when separated, seem to push aside dust particles, thus keep- 
ing the commutator clean in the path of each wire. With a 
view to testing the life of wire brushes, a meter has been run 
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with its cover off in a very dusty situation on a 220 volt supply 
with a current of 0*05 ampere in the commutator circuit. Its 
speed has been varied, sometimes exceeding 100 revs, per min., 
and it has also occasionally been stopped. The brushes are 
covered with dust, but the commutator has clean lines where 
each brush touches it and is very dirty at other points. There 
has never been the slightest visible spark, although the number 
of revolutions made by the commutator under these abnormal 
conditions exceeds 25,000,000, an equivalent to over 25 years 1 
working on an average consumer's premises. In this test each 
brush consisted of four No. 22 standard silver wires, supported 
in pairs by independent phosphor-bronze strip wound as a 
spiral spring. 

Commutators which have not been damaged by sparking 
require only a rub with a piece of linen tape, which should be 
slightly narrower than the commutator. The tape is passed 
round the back of the spindle, and slipped between the brushes 
and commutator. The two ends of the tape (which is about 
12 in. to 18 in. long) are held one in each hand in the front, 
and alternately pulled backwards and forwards, thus turning 
the commutator and cleaning all the segments. Should the 
commutator be pitted, narrow strips of "blue-black" paper 
should first be used in the same way as the tape, always 
finishing off with the finest (" 0000 "), after which it is finally 
polished with tape. When such treatment has to be resorted 
to, particles of silver dust may become lodged between the 
commutator bars. These, if not removed, may short-circuit 
sections of the armature ; they should, therefore, be blown out 
by means of bellows, or a piece of peg wood, tapered to fit 
between the commutator bars, may be passed down between 
each segment. The brushes should be removed from the meter 
and cleaned, if of strip or flat silver, by means of the same 
materials as used for commutators. Wire brushes require 
renewing if found to have been sparking. 

Wire brushes are easily made out of hard-drawn " standard" 
silver wire, which can be obtained in any wire gauge size. This 
wire is straightened by passing short lengths through a spirit 
flame, the ends being gripped by pliers. After a little practice 
it can be straightened in this manner and still retain the 
requisite spring. Pure silver is too soft for this work 
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Other mechanical defects in meters comprise bent spindles, 
bent discs, broken covers, broken or defective wheel trains, bent 
hand-carrying spindles, broken or blackened dial plates, broken 
screws in terminals, broken glasses, &c. Main spindles can 
often be straightened by tapping with a boxwood mallet, or, if 
bent near the worm, by pressure until they become true. 
Discs can also be trued if fitted on a mandril and placed in 
the lathe. Other mechanical defects are remedied by replacing 
the parts with new ones, which can generally be obtained from 
the makers, and of which it is convenient to keep small stocks 
so that the repairs can be finished off without delay. In large 
undertakings it will often pay to make several parts, but little 
can be done without a suitable lathe, such as a Lorch or Boley 
instrument maker's lathe. With such a tool much can be done 
in the way of repairing or improving meters. Where screws 
are required the 6. A. standards will be found useful, and a set 
of B.A. taps and dies should be provided. Olasses for the 
renewal of the windows should be stocked in larger quantities, 
as these are easily broken. A meter should never be allowed to 
remain in stock with a broken glass, for it so soon becomes dusty, 
and would require a further cleaning before being sent out. 

In the case of motor-meters containing mercury, it is some- 
times advisable to replace the old mercury with new pure mer- 
cury. If the old be found dirty the bath should be opened 
and cleaned before filling with the new mercury. 

Electrical defects principally consist of short-circuits of main 
or shunt coils, or resistances, breakages in these circuits, and 
breakdowns of the insulation to case. Short-circuits of the 
main coils are generally caused by considerable overloads char- 
ring the cotton insulation of the wire or strip, and meters 
which have been sufficiently overloaded to create such short- 
circuits indicate the fact by the outward appearance of the 
coils. The main coils may sometimes be short-circuited by the 
metal clips by which they are supported, but this defect is 
rare, as the clip must have pierced the insulation in two points 
to produce it. A leak to case caused in this manner is more 
frequently met with. These defects are easily localised by 
testing between the various parts with an ohmmeter, or a 
detector and battery can be used if the resistance of the fault 
is low enough. Where a leak to case or short-circuit of a 
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main coil is caused by the supporting clip the insertion of a 
piece of mica between clip and coil will remedy the defect, 
but main coils which have been overloaded sufficiently to char 
the insulation should be replaced, as they are unreliable, even 
if apparently unshort-circuited. The Author has known cases 
where such coils, apparently in working condition when cold) 
have become partially short-circuited when heated by the pas- 
sage of full-load current for some time. The meter running 
abnormally slow, coupled with a low-voltage drop across the 
main coils, is an indication of short-circuited main coils. 

A partial short-circuit in the shunt may be indicated by the 
meter speed being very high, in which case the shunt current 
will be above the normal. This defect most frequently occurs 
in meters having non-inductive resistances wound double on 
bobbins. Where the resistance is wound on more than one 
bobbin, the faulty bobbin can often be traced by feeling the 
wire on the several sections after the shunt circuit has been 
energised a little while. The shorted bobbin will be cold and 
the sound ones warmer than usual. If no difference in th6 
temperature can be noticed in this manner, it becomes neces- 
sary to test the resistance of each section or bobbin, either by 
the Wheatstone bridge or potentiometer methods. The latter 
is preferable, as short-circuits in these bobbins may be inter- 
mittent, only appearing when the coil is hot. Faulty bobbins 
should be replaced by new ones of the same resistance and the 
old ones destroyed. 

Where meters have wound armatures and commutators, 
short circuits may occur between adjacent commutator bars, 
and before an armature is changed it should be ascertained 
whether the fault is in the commutator or in the armature. 
Faults of this description can be detected by the unevenness 
of the speed during a revolution at low loads. They can also 
be found by measuring the torque for different positions of 
the armature. Should the torque be zero in any position, it is 
evident that there is a break on one or the other of the coils 
connected to one of the bars underneath the brushes. 

If a suitable ammeter — i.e., one having a range to 05 or 
0.1 ampere — be inserted in the shunt circuit, and the armature 
turned slowly, a jump will be noticed in the reading of the 
ammeter if the armature or commutator is short-circuited. 
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Owing to the high resistance in series the jump will only he 
very small, hut if the ammeter is connected up in series with 
the armature on a low voltage sufficient to produce the normal 
current in the circuit, the jump becomes very marked. It is a 
good plan to test all new armatures in this manner before they 
are put into meters. 

On a short-circuited armature being found, the spindle and 
armature complete are removed from the meter and all the 
leads unsoldered from the commutator bars. The commu- 
tator can then be tested between bars for short-circuit. A 

handy tool for this work is made by soldering 
pieces of small flexible lead to the eye ends 
of two thick needles. The needles are then 
separated by a thin strip of vulcanized fibre 
or other insulating material and the whole 
bound round with tape, as in Fig. 217. The 
thickness of the fibre should be such that the 
points of the needles are separated by about 
the pitch of the commutator segments. The 
ends of the flex can be connected through 
an 8 c.p. lamp or voltmeter to the 100 or 
200 volt supply, when faulty insulation be- 
tween bars is easily detected ; or a detector 
and battery or ohmmeter can conveniently be 
used. The air-space between two shorted 
bars can be cleaned with a pointed piece of 
peg wood, which is also pushed down behind 
the insulating band which holds the bars, and 
should the short-circuit be due to silver dust 
this will often remove it. By applying the 
current for some time (at 100 or 200 volts 
through a lamp) a fault can sometimes be burnt out without 
damaging the commutator if the peg wood fails to remove it. 

This somewhat crude method of removing faults has often 
been used with success in locating and burning out leaks from 
commutator to main spindle, one pole of the supply being con- 
nected to the case or spindle. 

Owing to the fineness of the wire used in meter armatures 
and the consequent difficulty of making contact with the ends 
of the coils, it is convenient to provide for this purpose a pair 
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of spring clips into which the wires from the armature are 
placed after disconnecting them from the commutator. The 
clips may be conveniently mounted on a stand and provided 
with terminals for the testing leads, as in Fig 218. The ends 
of each armature coil are successively pinched in the clips and 



A short circuited coil is rarely found, and usually if any 
trouble is due to the armature itself it is caused by a break in 
a coil. Careful examination of the outside of the coils will 
determine whether any injury has been caused by a blow or 
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Fio. 218. — Stand ron Tesiiso AniiiiuHE Coils. 

the slipping of a screw-driver, in which case several breaks 
may be found, and it would be cheaper to replace the damaged 
armature with a new one. It is very difficult to unwind and 
rewind an armature with the same wire, but one or two coils 
can be unwound and replaced, and should a break occur in one 
of the upper coils it can be unwound, repaired and rewound ; 
or new wire can be put on in the place of the old from the 
point where the fault is found. Breaks are frequently found 
iu the ends of the coils where they are taken up to the com- 
mutator bars, and these ends should be carefully examined 
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when detached from the commutator in the first place. The 
Author employe a special chuck for holding armatures of the 
Duncan, Thomson or Vulcan type when unwinding or rewinding. 
This chuck, which is suitable for mounting on a polishing head 
or on a phonograph motor, is illustrated in Figs. 219 and 220. 
Fig. 219 shows a front and side sectional elevation, whilst in 
Fig. 220 an armature is seen mounted in the chuck. The 




Fio. 230. — View of Armature Chock w: 



Mounted. 



armature is clamped in the usual way, on a spindle, S, which is 
then gripped by the jaws at A A. The armature is centred by 
eliding it up and down the spintlle S, after which it is clamped, 
and the spindle can then be turned when its clamps are loosened 
until the space on which the coil is to be wound is in position. 
By turning the armature and spindle bodily other coils are 
easily brought into position without further centreing being 
necessary. 

Very often the armature is clamped to its spindle by two 
screws in the centre of the spider frame, the heads of which 
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are got at by a small wire driver passed between two adjacent 
coils. Other armatures are clamped by a taper nut, which is 
run up a split hollow taper screw underneath the armature. 
The Eclipse armature coils arc former wound before being 
bunched together. 

The armature to be unwound is soaked in methylated spirit 
to soften the shellac, and the coil being unwound should be 
frequently brushed with a camel hair brush dipped in methy- 
lated spirit to keep the shellac soft. The speed must be 
extremely slow, and a revolution counter should be fixed to the 
other end of the lathe head spindle to ascertain the number of 
turns, in order that the same number may be wound on again. 

For winding non-inductive resistances, compounding coils 
and armatures, a phonograph motor is perhaps the most suit- 
able motor to use, as its speed is so easily adjusted and, its 
power being small, breakages of the fine wires used in these 
operations are avoided. 

Another fault in meters having non-inductive shunt circuits 
is that the non-inductive resistances may sometimes break. The 
faulty section, when found, can be unwound, mended and re- 
wound. It should, however, be ascertained that the wire has 
not become brittle, in which case the whole resistance should 
be replaced by a new one. 

In induction motor meters breaks may arise in the shunt 
circuit. When a faulty part of the circuit is found and is 
replaced by a new one, such as a new coil on the shunt magnet 
or a new impedance coil, the resistance is of little consequence 
compared to the self-induction. If, therefore, any coil is re- 
wound the number of turns and the air-gap should be the same 
as before the repairs. 

Repairs to electrolytic meters, such as the Bastian or Wright, 
are either very simple or those which can only be done by the 
makers of the meter. They chiefly consist of replacing broken 
glass vessels. A new glass vessel means a new scale. The 
shunt circuit of the Wright meter may break, and if the meter 
fails to register this circuit should be tested. The break will 
probably be found to be either at one of the clips or possibly 
at the joints, with the wires coming out of the glass vessels. 
Should the break be in the resistance bobbin, the wire should 
be unwound very carefully and the same wire replaced, its 
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length being unaltered, otherwise the temperature compensa- 
tion may be affected. The mercurous solution in this meter 
has proved to show a marked tendency to crystallize, which is 
a very objectionable feature, as the crystals formed interfere 
with the working of the meter by obstructing the tubes. The 
makers are experimenting with a new liquid in which this 
crystallization will not take place. In the Aron meter, in 
addition to breaks in the shunt circuit, there is the liability of 
the main spring breaking, as also the hair spring which drives 
the commutator. A main spring is easily replaced, and can be 
done in situ if necessary, as there is no fear of the calibration 
being affected. In examining an Aron meter after cleaning 
special attention should be paid to the various pins and stops, 
which should all be screwed home tightly. The reversing 
gear works suddenly, and if this point is not attended to 
trouble is very likely to be caused by the pin and stops working 
loose with the jarring which they receive. 

The winding gear should also be worked by hand, to see 
that it is quite free and that the ratchet and pawl are working 
properly. Faults or breaks in the shunt circuit are localised 
as in any other meter. On the switching on of the shunt 
current the winding gear should immediately wind up the 
spring and both pendulums start oscillating. If neither move, 
most probably there is a break in the shunt circuit ; if only 
one starts, the pallets of the one which remains stationary are 
probably dirty or not properly adjusted. The pendulums 
should be tried for starting several times by switching the 
shunt current on and off or by holding them in the vertical 
position and releasing them without giving them any push-off. 
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CHAPTER XV. 



METER BOOK-KEEPING. 

The problem of keeping an accurate record of the dealings 
in meters is a most important one, and necessitates a system 
of book-keeping which prevents, as far as possible, the chance 
of errors creeping in. 

Records are necessary, in the first place, to show the trans- 
actions between the makers of the meters and the undertaking, 
and, in the second place, to show the distribution of the meters 
over the area of supply and the stock. In addition to these 
important branches of the book-keeping of a meter department 
are the following : (a) Records of tests (both in the test rooms 
and in situ), (b) repairs and maintenance, (c) meter readings 
and accounts. There are probably many systems of meter 
book-keeping in use by the various undertakings, the records in 
some being kept in books alone, or entirely on the card system, 
or a combination of books and the card system may be employed. 
The latter, in the Author's opinion, seems to be the safest and 
easiest. The day books and ledger are best in book form; 
whilst the street index and stock index in book form are 
almost impossible, owing to the constant changes taking place, 
and the card system for these and for meter reading is perfect. 

The transactions with the makers can be kept in three books 
— viz., (1) Meters on order and delivered, (2) Defective meters 
book, (3) Meter parts and sundries on order and delivered. 
Suitable forms of ruling for these three books are seen in the fol- 
lowingPorms 1, 2 and 3 : a suitable size being 10 J in. by 8£ in. 
On the lef thand sheets the particulars are entered at the time of 
ordering, or the return of a defective meter, and the spaces on 
the rightharid sheets are filled in as the goods are delivered. la 
the Meters on order book the entries are intended to be made 
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so as to leave enough room on the right-hand sheet to enter the 
number of every meter received against the order. If the index 
to this book be arranged so that the makes are alphabetically 
entered one on a page, and the sizes dealt in placed in order, 
easy reference can be made. 

In order to keep a complete control of the meters, it is almost 
essential to give each meter a serial number, but in order to 
keep the numbers as small as possible and to be able to dis- 
tinguish different makes, it is a good plan to start a fresh set 
of numbers for each make, giving a different code letter to each 
make, and so numbering the meters that the code letter is 
always quoted ; thus, 4< No. A 59," " No. B 108." In this way 
the quantity of meters of each make on the books is always 
the highest serial number in that make. In some cases the 
meters are given their serial number immediately on delivery, 
but as some are sure to have to be returned to the makers* 
owing to defects or damage, it is more satisfactory to give 
them their serial numbers after they have passed the first 
test. If this method is adopted any meters returned to the 
makers (which are sometimes replaced) do not cause gaps in 
the numbering. A further advantage of numbering the meters 
after test is that they are sent out, or should be sent out, on 
to circuit in numerical order in their respective sizes, and if 
any number be missing it should at once be found out and 
investigated. 

Form 4 illustrates a form of ruling of a test book for motor 
meters. The headings need no explanation, but it will be 
noticed that two columns are left for meter number. The 
makers' number is only inserted in the case of new meters, 
and those which pass the test are immediately given a serial 
number which should be plainly marked on the meter, prefer- 
ably on the dial. (It should be remembered that meters while 
out on circuit sometimes get painted ; it is therefore not safe 
to simply paint the serial number on the case.) 

From the test books (one of which should be provided for 
each make of meter used) the numbers are entered in serial 
order in the meter index book, Form 5, those meters which are 
not ready to go on circuit receiving no serial number. Such 
index books have been found to be extremely useful, and one 
should be kept for each make of meter. 
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There are four sets of columns across the double page, giving 
room for entries of the folios in test book, outwards book, and 
inwards book four times, after which the line is filled up. 
The meter is then re-entered on the first vacant page of this 
index, the second folio in index being put in one of the 
columns provided, so that, when the line of a certain meter is 
filled up, its second, third or fourth entry in the index is 
always seen at a glance. 

At the time when the meters are entered in the index they 
are also entered in the ledger (Form 6) ; but in this book a 
whole page is reserved for meters of the same size and make. 
This book is indexed, the number of the various pages as they 
are started being entered against the particular size in its 
index, and the numbers of the preceding and succeeding pages 
devoted to the particular size entered in the spaces provided 
in the top right-hand corner of the page, so that a size can be 
easily traced through the book. The addresses to which the 
meters are sent are entered when the meter is booked out, at 
the same time being entered in the meters issued book, Form 7, 
in which all sizes are together, the entries being made one 
under the other as the meters are issued. This book, as also 
the meters returned book, Form 8, are, in fact, day books. It is 
convenient to provide columns in the meters issued and 
meters returned books for ticks to indicate that the entries 
have been made in the ledger, index and stock sheet, and also 
to show that the card index is cleared. The meters returned 
book should also be provided with columns for noting whether 
the meter was returned clamped, and for the initials of whoever 
checked the number, reading, &c. The readings of meters as 
returned are most important, and should be checked, as 
disputes may crop up a long time after meters havo been 
returned. 

A most important point in connection with meter book- 
keeping is to prevent all chance, of a meter going out without 
any record being kept of its issue, for such a meter would not 
find its way into the meter-reading books, in addition to 
causing endless trouble at stock-taking time. By entering the 
meters in the ledger as tested, and referring to this book and 
selecting the first number against which no address has been 
inserted, an error of this kind is at once apparent if the meter 



312 ELECTRICITY METERS. ch. xv. 

is not found in stock. Should the meter not be found, the 
next one is, of course, sent out, leaving a gap in the ledger, 
and the whereabouts of the lost meter can be traced at once. 
It is much easier to investigate such a loss at the time than a 
month or so afterwards. The stock sheet (Form 7), giving, as it 
does, so much information in a small space, is well worth the 
trouble of keeping. Reference to this sheet enables one to 
readily ascertain the rate at which meters of the various sizes 
are being issued and returned, and, therefore, to estimate the 
quantities of meters to order. These sheets are made up once 
a week, at the end of the year, and at such other stock-taking 
times. Two columns, (a) and (6), are provided for meters 
received, to separate those received from the makers, or new 
meters, from those received from consumors, or returned meters. 
Column (c) shows the total meters of the size and make on the 
books, and columns (e) and (/) their distribution. 

The entries whon made should be checked thus : — 
c = e + /= c (previous entry) + a. 
e = e (previous entry) + d - b. 
f=f (previous entry) + a + b - d. 

For the purpose of keeping a hold on the meter stock and 
the meters on consumers' premises the card index system can 
hardly be dispensed with. The stock changes day by day, and 
at any time it is necessary to be able to quickly ascertain not 
only what is in stock, but also how the stock is standing — that 
is to say, how many meters are ready for test, tested, being 
repaired, &c. Two forms of card are given, 10a and 10b, for the 
stock card index, the former being recommended. Each meter 
as it is delivered from the makers has a card made out for it, 
the makers' number and other particulars being filled in. The 
card is then put in its proper place in the stock drawers. If 
the stock index is divided up by guide cards, first into makes, 
then into the following five divisions : (1) Ready for test, 
(2) Away for repairs, (3) Repairing and cleaning, (4) Meters not 
to be touched, (5) Tested meters — each of these divisions 
having other guide cards separating the sizes — all the informa- 
tion required is obtained by consulting this stock index. In 
each subdivision the cards are inserted in their proper place, so 
that the meter numbers are always all in order. 
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It is a good plan to use different coloured cards for the 
different makes of meter employed, for it then becomes notice- 
able if a card is inserted in its wrong place — i.e., amongst those 
of another make. If card 10a is used, the stock index and 
street index forms one cabinet, separate drawers being used 
for the stock portion. When a meter is booked out, its card 
is taken from the stock drawer — where it ought to be found in 
the " tested " division. The address to which it is being sent 
is written on the card, and the latter placed in the street index 
portion. Here a guide card is provided for each street, these 
being arranged alphabetically, the cards, of course, being 
arranged according to the numbers of the houses. On the 
return of a meter the card is taken out of the street index, the 
date of its return entered against the address in the column 
provided, and the card placed into the stock index in the 
proper division (between the higher and lower number). 
Where a street index is not kept, card 10b may replace 10a in 
a stock index. This card, if printed on both sides, may 
be used eight times to ropresent different meters of the 
same make, one of the vertical columns being filled each 
time, the previous column being ruled through when the card 
is taken out of the index as the meter is booked out* 
For meter reading the card 11 is useful. These meter reading 
cards are made out from the meters issued book and placed in a 
cabinet in which they are kept, except at meter reading times, 
when they are tranferred in batches into covers, so forming 
meter reading books. They are conveniently arranged in the 
meter reading cabinet in street order. 

To facilitate the making up of each meter readers' daily 
round, at meter reading times it is advisable to dovote a 
portion of the drawer space to an auxiliary index, the guide 
cards in which arc marked "Round 1," " Round 2," &c. A 
set of plain cards is used in this section, each bearing the name 
of one street (or in some cases it may be necessary to split up 
a street into several sections). All the street cards are then 
arranged in the most convenient order for the various rounds. 
If a large increase of meters to be read occurs on a certain 
round, slight rearrangement may become necessary and is easily 
effected if a card system is employed. The meter reading card 
index, and when necessary its auxiliary " round " index, are 
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kept up to date from the issues and returns books, new cards 
being introduced and those for returned meters being taken 
out day by day. 

The records of tests in situ are also conveniently kept on 
cards, and it is as well to have two forms of cards of different 
colours to distinguish between those tests which are made 
owing to unexplained lowness of consumption, or under a 
system of periodical inspection, and those which are made 
owing to consumer's complaints or disputed accounts. The 
distinction is necessary owing to the fact that, whereas in the 
former class of test a meter may be examined and defects put 
right when necessary, in the latter class the seals should on no 
account be broken in case the consumer may subsequently 
have the meter tested by the statutory authority. It is a good 
plan to charge a nominal fee, 2s. 6d. or 5s., for a test in situ, 
where it is done at the request of the consumer who doubts 
the accuracy of his account, and where the meter is found on 
test to be correct. If the meter be found inaccurate the fee is 
not charged. Such a system tends to put a stop to a certain 
class of groundless disputed accounts, and at the same time 
enables the consumer to have his meter tested at a reasonable 
figure. Cards 12 and 13 give an idea of what is required for 
this work. The abbreviated headings of the columns indicate 
(1) Starting current, (2) revolutions in (3) seconds, (4) watts 
by meter, (5) constant K (or per cent, error of meter), (6) watts 
by standard instrument used in the test, (7) initials of tester, 
and (8) the number of the seals found on the meter. 

A form of card suitable for the consumer's ledger if kept in 
card form is shown in Form 14. It is questionable whether the 
card system is preferable for this work, as a card is more likely 
to be lost than a page in a book, and it takes longer to make 
the entries on a card than on the pages of a book, the card 
having to be taken out and put back. In favour of the 
system, however, are the facts that the ledger in this form 
requires no index and may be kept in the same order as the 
meter reading cards. 



FORMS FOR METER BOOK-KEEPING. 



BOOKS. 

Meters on Order Book 

Defective Meters Book 

Meter Parts and Sundries on Order Book 

Meter Tests Book 

Meter Index Book ... 

Meters Ledger ... 

Meter Day Book (Issues) 

Meter Day Book (Returns) 

Meter Stock Sheet 



Form 1 
Form 2 
Form 3 
Form 4 
Form 5 
Form 6 
Form 7 
Form 8 
Form 9 



CARDS. 

Meter Stock Cards 
Meter Reading Card, &c. 

Test in Situ Card 

Complaint A/c Test Card 
Consumer's Ledger Card 



Forms 10a and 10b 
... Form 11 
... Form 12 
... Form 13 
... Form 14 



Table of Doubled Square Roots, for uso with Lord 
Kelvin's Standard Electric Balances. 



Table of Meters approved by the Board of Trade. 
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(Name of Undertaking.) 

METER STOCK SHEET. 

Stock Sheet No for.... volt.... amp. meters. Code letter Year. 



Received 



Date. 



1.1.05 
G.1.05 



From 
Makers. 

50 



From 
Con- 
sumers. 



C>) 



Total 
in. 



SS off Stock - i Remw ks - 



I 

I 

I 

I- — 



(<•) 



— : 500 !i — 

3 J 550 II 10 



W ! (/) 

400 100 
407 143 



Form 9.— Stock Sheet. (Foolscap.) 



Meter No Size V. A wire. 

(Maker's No ) Make (Coin Rate ) 



Names. 


Addresses. 


Dates 
Returned. 




■ 


i 

i 

i 
i 

1 



Fobm 10a. — Meter Card. (5in. by 3in.) 



Serial No. 


i 




'I ' 






Maker's No. 










: 1 






Volts .... 
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Make . . . 
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Outwards 
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Form 10b.— Stock Card. (5in. by 3in.) 
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(Name of Undertaking.) 



Street 

Name 

No. and Sise of Meter 



Date. 


Meter 
Reading. 


Initials and Remarks. 









Form 11. — Metbr Reading Card. (Sin. by 5in.) 



Meter No Size. 



A. Reading i No. 

Date 



Address 



Complaint 



Stg. Gt. 


Revs. 


Sees. 


W.M. 


" K." 


W.I. 


Test by, Seals 

i 



















Remarks 



Fobm 12.— Test in Situ Card. (Sin. by 3in.) 

321 



COMPLAINT A/c TESTS. 



No. 



Meter No Size V A Date of test. 

Reading 



Address 



Stg. Cfc. 


Revp. 


Sees. 


W.M. 


" K." 


W.I. 


Test by 


Seals 


i 






! 

i 

1 

i 


1 







Remarks 



Form 13. -Test in situ Card. (5in. by 3in.) 
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METERS APPROVED BY THE BOARD OF TRADE. 



Date of order 
of approval. 

Oct. 8, 1891... 



Oct. 28, 1896... 



Oct. 28, 1896... 
July 26, 1898 

March 23, 1899 



July 12, 1899 
July 27, 1900 

May 17, 1901 
Sept. 24, 1901 



1901 
Feb. 21, 1902 



May 22, 1902 
Sept. 24, 1902 

July 9, 1903... 



March 8, 1904 

May 12, 1904 

Juue 8, 1904 
Feb. 14, 1905 

Feb. 27, 1905 



Name. 



i 



Shallenberger 



Ferranti 



Hookham 
Aron 



Aron 



Aron 



Bastian. 



Shallenberger A.C. 

watt-hour meter 
Long Schattner 



Elihu -Thomson 

British Thomson- 
Houston Co. O.K. 
meter 

Hookham 

Westinghouse watt- 
hour meter. 

Atkinson Schattner 



Stanley watt-hour 
meter 

Ferranti patent al- 
ternating current 
meter 

Wright's demand 
indicator 

Bastian meter, N 
type, 1903 pattern 



E.C. alternating cur- 
rent watt - hour 
meter, Type K J ... 



Jan. 4, 1906 i Aron motor meter . . . 



System of 
measuring. 



Alternate current 



Quantity of continuous 
current at constant 
potential 



Ditto 
Energy of constant 
potential cont. cur. 
Energy of alternating 
current at constant 
potential 
Ditto 

Quantity of constant 
potential continuous 
current 

Energy of constant 
potential alt. cur. 

Prepayment meter for 
constant potential 
continuous current 

Energy 

Quantity of constant 
potential continuous 
current 

Ditto 

Energy of constant 
potential alt. cur. 

Maximum current 
for constant poten- 
tial continuous or 
alternating system 

Energy of constant 
potential alterna- 
ting current supply 
Ditto 



Same as Atkinson 
Schattner 

Electrical quantity 
for constant poten- 
tial continuous cur- 
rent system 

Electrical energy for 
constant potential 
alternating current 
system 

Ditto 



Remarks. 



For use by the Metro* 
politan and House- to* 
House (now Bromp* 
ton and Kensington 
Supply) Cos. only. 

Subject to arrange* 
ments that not more 
than 50% above in* 
tended maximum can 
be passed. 



For two-, or three* 
phase systems. 



Not exceeding 3 amps. 



Ditto 



This is not a meter but 
an indicator for use 
on the maximum de- 
mand system. 



In every case the method of fixing t)te meter is prescribed by the Order, 

Notwithstanding the fact that so many meters have been approved, it appears 
from an answer given by the Board of Trade to the Iiondon County Council in 
October, 1901, that the Board are still of opinion that the time has not yet arrived 
for making the use of approved meters compulsory in all cases. 
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AND 



MANUFACTURERS' ANNOUNCEMENTS 



INDEX TO CONTENTS. 



Accounts, Working out of, under the 
Maximum Demand Indicator System 
of Charging, 165 
Accumulators for Testing Purposes, 245 
Accuracy of Meters, 194 
Accuracy, Permanence of, 194, 272 
Acme Continuous-Current Meter, 51 

Drop in Volts, 54 

Shunt Loss, 54 
Adjustment of Brushes, 123 
Adjustment of Fluxes in Induction Motor 

Meters, 14 
Adjustment of Phase of Magnetic Fluxes 

in Induction Motor Meters, 8, 12 
Air Friction, 270 

Alternating and Continuous-Current 
Meters: 

Aron, 95 

Duncan, 105 

Eclipse, 108 

Mordey-Fricker, 112 

Schuckert, 117 

Thomson, 120 

Thomson Type A, 12G 

Vulcan, 127 
Alternating-Current Ampere-hour Meters, 

51 
Alternating-Current and Potential Differ- 
ence, 2 
Alternating-Current Meters, 7, 51 

Aron, 17 

Bat, 18 

Brush-Guttman, 21 

Eclipse, 25 

Electrical Co. 's, 32 

Ferranti, 28 

Ferranti (Ampere-hour), 51 

Ferranti-Wright (Ampere-hour), 51 

Hookham, 30 

Hummell, 32 



Alternating-Current Meter* -continued 

Scheeffer, 34 

Shallenberger (Ampere-hour), 51 

Shallenberger (Watt-hour), 45 

Stanley, 36 

Thomson Polyphase, 54 

Thomson Type A.C.T., 42 

Thomson Type K, 40 

Westinghouse, 46 

Westinghouse Polyphase, 47 
Ammeters in Alternating-Current Cii 
cuits, Correct Connections for Doub] 
Scale, 206 
Ampere-hour Meters, 3 
Ampere-hour Meters, Alternating Cuj 

rent, 51 
Apparatus and Accessories, 223, &c. 
Armature Winding, 305 
Aron Clock Meter, 95 

Effect of one Pendulum Stopping 
102 

Examining, 307 

For Three-phase Mesh Circuits, 10$ 

For Three-phase Star Circuits, 103 

Mechanism of, 96 

Reversing Gear of, 97 

Three-wire, Electrical Connection 
of, 101 

Two-wire, Electrical Connections ol 
101 

Winding Gear, 99 
Aron Induction Motor Meter, 14 

Adjustment at High and Low Loads 
18 

Counting Train, 16 

Motor, 15 

Starting Torque, 18 

Torque of, 17 

Weight of Moving System, 17 
Aron Portable Meter, 282 
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INDEX TO CONTENTS. 



Aran Two-rate Meter, 166 

Alteration of High and Low Rate 
Periods in, 168 

Clock-face of, 167 

Precautions to be taken when Erect- 
ing Meter, 168 

Regulation of Clock, 168 
Aron Tramcar Meter, 189 

Device to Prevent " Creeping," 190 
Arrangement of a Meter Department, 199 
Atkinson-Schattner Demand Indicator, 
172 

Accuracy of, 173 

Resetting of, 174 

Sizes of, 174 

Backing Boards for Meter Fixing, 283 
Backing Boards, Suitable Sizes for Meters 

of different Types, 284 
Ball Bearing for Main Spindles, 33, 35 
Bastian Electrolytic Meter, 54 

Calibration of, 55 

Cubic Centimetres of Water Decom- 
posed by 10 B.T.U. at Various 
Voltages, 55 

Drop in Volts, 55 

Loss of Record, 55 

"N" Type (Nickel Electrodes), 56 
Bastian Tramcar Meter, 191 
B.A. Taps and Dies, 301 
"Bat" Meter, 18 

Adjustment at High Loads, 19 

Adjustment at Low Loads, 20 

For Two and Three-phase Circuits, 
21 

Motive Part, 20 

On Inductive Circuits, 21 

Shifting Field in, 21 

Shunt Loss, 21 

Testing Constant, 21 

Torque of, 21 

Weight of Moving System, 21 
Batteries, Testing, 245, 247 
Battery Board for Testing Battery, 

247 
Bent Spindles, Straightening, 301 
Board of Trade, Table of Meters approved 

by, 326 
Board of Trade Unit, 2 
Boley Lathe, 301 
Book-keeping, Meter, 309, &c. 

Forms for, 315, <&c. 
Brake, Foucault or Eddy Current, 14 
Brake Friction, 270 
Brake Magnets, Shielding of, 48 
Brake Torque, 14 



British Thomson-Houston Prepayment 
Meters, 135 

Sizes of, 139 
Brush-Gutmann Meter, 21 

Adjustment at High Loads, 22 

Adjustment at Low Loads, 24 

Motor of, 23 

Phase Compensating Device of, 24 

Shunt Loss, 24 

Testing Constants, 25 

Torque of, 24 

Weight of Rotor, 24 
Brush Tension, 123 
Brushes, Cause of Sparking, 299 
Brushes, Wire, Life of, 299 

Making, 300 
B.T.U., 2 

Burning Out Leaks in Commutator 
Meters, 208 

Calibration by Means of Change Wheels, 
255 

Campbell Frequency Teller, 232 

Carbon Rheostat, Paul's, 240 

Cases, Meter, 195 

Change Wheel Ratios, Checking, 255 

"Change Wheels," 255 

Charging Testing Batteries, 247 

Checking Chronographs, 276 

Checking Demand Indicator Scales, 270 

Choice of a Type of Meter, 193 

Choking Coils, 244 

Chronograph Errors, 254 

Chronographs, 230 

Chronometer, 231 

Chubb Meter Padlock, 290 

Chuck for Holding Armatures when 
Winding, 305 

Clamping Gear, 196 

Classification of Meters, 3, 5, 6 

Cleaning Meters, 297 

Cleaning Wheel Trains, 297 

Clock Meters, 5 

Commercial Unit by which Electric 
Energy is Bought and Sold, 2 

Commutators, Cleaning, 299, 300 

Compensating Devices for Creating 90° 
Phase Difference between Fluxes in 
Induction Motor Meters, 8, 12 

Compensating Torque to overcome Me- 
chanical Friction, 92 

Compensating Torques, Objections to, 92 

Connecting Meters into Circuit, 286 

Connection Boards for Test Rooms, 202, 
203 to 208 

Connections for Testing, 256 
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Co. Uhuoob- Current Heten, 51 

Acme, 51 

Bastian, 54 

Eclipse, 57 

Electrical Co.'s Type K.G., 6-2 

Electrical Co.'s Type R.A., 59 

Electrical Co.'s Type S., GG 

Ferranti, 66 

Ferranti (New Type), 69 

Hookham Ampere-hour 1897 Type, 
72 

Hookham Ampere-hour 1901 Type, 75 

Hookham Watt-hour, 77 

"O.K.," 79 

Reason, 81 

Wright Electrolytic, 84 
Convenient Number of Meters in Series 

when Testing, 247 
Correct Testing Connections, 257 
Counting Train, Springing Discs, 16 

Adjustment at High and Low Loads, 
18 

Cyclometer Pattern, 27 

Cyclometer Pattern, Drawbacks to, 17 

Starting Torque, 18 

Weight of Moving System, 17 
Irompton Potentiometer, 227 
Curves of Shunt and Series Fluxes, 9 
Cyclometer Counting Trains, 27 

)efects in Meters, 301 
)emand Indicators, 163, 172 (see also 
Maximum Demand Indicators) 
Hal Train of Motor Meter, Gearing of, 254 
)iscs, Truing, 301 

)oubled Square Roots for Use with 
Kelvin Balances, 324, 325 
•ouble Tariff Meters, 163, 166 

Aron, 166 

Electrical Co.'s, 169 

Hookham, 171 
>uncan Watt-hour Meter, 105 

Adjustable Compensation of, 106 

Armature, 105 

Gravity and Mechanical Tension 
Brushes, 105 

Visual Bearing, 107 

iclipse Induction * Watt-hour Meters, 
Types F.E.G. and F.E.M., 25 
Adjustment at Low Loads, 27 
Motors of, 26 
Pressure Drop, 27 
Shunt Loss, 28 
Torque of, 27 
Weight of Rotor, 27 



Eclipse Meters, Types B.N.R., N.R., 
A.R., andR.R., 108 

Ampere Turns in Main Coils of, 110 

Armature of, 109 

Current and Inductive Loads, 111 

Drop in Main Coils, 110 

Moving System of, 108 

Shunt Current, 110 

Tests on Continuous and Alternating 
Current, and Inductive Loads, 111 

Torque of B.N.R. Type, 110 

Torque of N.R. Type, 110 

Types of Brushes, 110 

Weight of Moving System, 110 
Eclipse Type C.R. Meter (Continuous 
Current), 57 

Armature of, 58 

Drop, 57 

Speed of, 58 

Weight of Moving System, 58 
Eddy Current Brake, 14 
Effect of External Vibration on Compen- 
sated Motor Meters, 92 
Electrical Co.'s Continuous - Current 

Meters, 59 
Electrical Co.'s Double Tariff Apparatus, 
169 

Setting of, 171 
Electrical Co's. Induction Motor Meter, 
32 (see Hummel Induction Motor Meter) 
Electrical Co's Prepayment Meters, 139 
Electrical Co.'s Type K.G. (Watt-hour 
Continuous-Current) Meter, 62 

Adjustment of, 63 

Connections of , 63 

Object of Oscillating Meter, "65 

Speed of, 64 

Torque of, 65 

Type S Meter, 66 
Electrical Co.'s Type R. A. (Ampere-hour 
Meter, 59 

Adjustment of, 60 

Drop, 61 

Speed of, 60 

Starting Current, 61 

Torque of, 60 

Weight of Moving System, 60 

With Adjustment to read B.T.U. at 
Different Voltages, 61 
Electrolytic Meters, 5 

Repairs, 306 
Electrostatic Voltmeters, 226 

Mirror Type, 227 
Elliott Potentiometer, 227 
End Sockets for Flexible Leads, 248 
Energy in Alternating Current Circuits, 2 
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Erection of Meters on Consumers' Pre- 
mises, 283 
Error, Percentage and Constant, 251 
Curve of, 255 

Formula for obtaining True Con- 
sumption when Percentage Error 
is given, 252 
Evershed, 270 
Evershed Meter, 36 
Examination of Brake Magnets, 266 

Ferranti Continuous-Current Meter, 66 

Counting Train, 67 

Device for Prevention of Over Regis- 
tration after Short Circuit, 68 

Drop, 68 

Principle of its Action, 66 

Torque, 68 
Ferranti Continuous-Current Meter (new 
type, 1905), 69 

Adjustment of, 71 

Drop, 71 

Electrical and Magnetic Circuits of, 
70 

Starting Current, 71 
Ferranti Induction Watt-hour Meter, 28 

High-Load Adjustment, 30 

Low-Load Adjustment, 30 

Rotor, 29 

Speed of, 30 

Starting Current, 30 

Torque of, 30 

Weight of Rotor, 30 
Fleming Non-inductive Resistances, 237 

Sizes of Wire for, 239 
Flux, Shunt and Series in Induction 

Motor Meters, 9 
Forms for Meter Book-keeping, 315 
Formulae for Testing in situ, 278 
Foucault Brake, 14 
Frequency Measuring, 231 
Frequency Meter, 232 
Fricker Demand Indicator, 174 

Method of Reading, 176 
Friction Compensation, 272 
Friction, Increase of, with Time, 272 
Function of an Electricity Meter, 2 

High-Load Adjustment of Meters by 

Means of Brake Magnet, 22 
Hints for Connecting Meters into Circuit, 

288 
Hookham Continuous-Current Ampere- 
hour Meter, 1897 type, 72 
Adjustment of Curve of, 78 
Clamping Gear of, 74 



Hookham Continuous-Current Ampere- 
hour Meter, 1897 type 

Compensation for Fluid Friction, 73 

High-Load Adjustment, 73 

Large Sizes used with Shunts, 74 

Torque of, 75 
Hookham Continuous-Current Ampere 
hour Meter, 1901 type, 75 

Compensation for Fluid Friction, 11 

Torque of, 76 
Hookham Continuous-Current Watt-hovu 
Meter, 77 

Demagnetising Effect of the Core of ,7' 

Shunt Loss, 79 

Starting Current, 79 

Torque of, 78 
Hookham Double Tariff Meter, 171 
Hookham Induction Watt-hour Meter, 3( 

Precaution to be taken when Testing 
31 

Special Form of Brake Magnet, 31 

Torque of, 32 

Weight of Rotor, 32 
Hookham Prepayment Meters, 143 

Size of, 146 

Torque of A.C. Type, 145 

Weight of, 146 
Hummel Induction Motor Meter, 32 

Ball Bearing of Main Spindle, 33 

Device for Prevention of Runnin 
Shunt, 33 

Flexible Top Bearing, 34 

Friction Compensation, 33 

Full Load Drop, 34 

Motor of, 33 

Shunt Current, 34 

Shunt Loss, 34 

Torque of, 34 

Weight of Rotor, 34 

Impedance Coils, 244 

Incorrect Testing Connections, 256 

Induction Motor Meters, 7 

Principal Parts of, 7 
Inductive Loads for Testing Purposes, 24* 
Inductive Loads, obtained by use of Motoi 

Generator, 245 
Installing Meters on Three-wire Net 

works, 288 
Instruments, 223, &c. 
Insulation Resistance, 231 
Insulation Resistance Tests of Meters, 26* 
Introductory Remarks, 1 

Jewels, Examining, 298, 299 
Jewels, Repolishing, 299 
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Kelvin Balance, Section through Coils 
of, 224 
Magnifying Glass and Screen for Use 

with, 226 
Reading, 225 

Resistance of Shunt Circuit, 226 
Kelvin Balance (Watt), 228, 226 
Kelvin Balances (Ampere), 223 
Principle of Action, 223 
Table of Doubled Square Roots for 
Use with, 324, 325 

Lag and Lead, 2 

Large A.G. Meters, Loads for Testing, 

245 
Lathes, Lorch, Boley, 301 
Leads for Connecting Meters in Series 
' when Testing, 247 
Leaks, Burning Out, 208 
Limpet Plugs and Jumpers, 285 
Lorch Lathe, 301 

Magnetic Brake, 14 

Magnetic Screen for avoiding weakening 

of Brake Magnets in Meters, 267 
Maximum Demand Indicators, 163, 172 
Atkinson-Schattner, 172 
Fricker, 174 
Merz, 187 
Reason, 177 
Wright, 181 
Maximum Demand System and Inter- 
mittent Loads, 164 
Measurement of Torque of Mercury Motor 

Meters, 75 
Mechanical Construction, 195 
Mechanical Friction, 270 
Mercury Motor Meters, Examining and 

Testing, 266 
Merz Demand Indicating Apparatus, 

187 
Meter Cases, 195 
Meter Constant, 253 
Meter Department, the Arrangement of 

a, 199 
Meter Dials, Types of, 291, 294 
Meter Padlocks, 290 
Meter Reading, 291 
Meter Stands, 212 
Meter Store, 218 
Meter-Testing, 251 

Accurate Method (Motor Meters), 

251 
Simplest Method, 251 
Meter Testing Circuits, 202 
Meter Transformers, Connections of, 47 



Meters suitable for both Alternating an< 
Continuous Current, 91 
Accuracy of on both Circuits, 92 
Capacity and Induction in Shun 
9 Circuits of, 94 

Uniformity of Driving Torque, 94 
Mordey-Fricker Meter, 112 
Banking Gear, 116 
Controlling Devices of, 115 
Disc of, 113 

Principle of Action, 115 
Mordey-Fricker Prepayment Meter, 146 

Speeds of, 149 
Motor Generator for Charging Testing 

Batteries, 247 
Motor Generator for Testing Purposes, 24 J 
Motor Meters, 5 

Motor Meters suitable for both Alterna 
ting and Continuous Current, 91 

Non-inductive Watt-hour Meters, Exa 
mining and Testing, 265 

Ohmmeter, 231 
Oiling, 297 

"O.K." Continuous - Current Ampere 
hour Meter, 79 
Adjustment of, 81 
Brush Gear of, 80 
Sizes of, 79 
Speed of, 81 
Torque, 81 
Use of as an Auxiliary Standard foi 

Testing, 81 
Weight of Moving System, 81 
Oven for Testing Effect of Temperature 
on Meters, 274 

Padlocks, Meter, 290 

Patent Plug Co.'s Plugs, 285 

Paul's Carbon Rheostat, 240 

Penalty Plates, 290 

Penny-in-the-Slot Meters (see Prepay 

ment Meters) 
Permanence of Accuracy, 194, 272 
Permanent Magnets, Uniformity o: 

Strength of, 14 
Pivot Polishing Motor, 298 
Pivots, Polishing, 298 
Plugging Walls, 284 
Plugs for Connection Boards, 204 
Points a good Meter should Possess, 194 
Polyphase Meter, Thomson, 44 

Westinghouse, 47 
Portable Lamp Resistance, 275 
Portable Lamps, 248 
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Potentiometer, 227 

Potentiometer Connections, 228 

Potentiometer Stand, 229 

Power Factor, Lowest on which Meters 

are called upon to Work, 13 
Power Factors met with in Meter Prac- 
tice, 244 
Power in an Alternating-Current Circuity 
Power Measurement on Two and Three- 
phase Circuits, 261, Ac. 
Practical Units of Work and Energy, 2 
Prepayment Meter Switches, 268 
Pr epaym ent Meters, 133 

Advantages of, 133 

And Free Wiring Schemes, 134 

B.T.H., 135 

Electrical Co. 's, 139 

Hookham, 143 

Mechanism of, 134 

Mordey-Fricker, 146 

Reason, 150 

Thomson (Alternating-Current), 135 

Thomson (Continuous-Current), 135 

Vulcan, 154 

Watson, 159 

Racks, Double, for Storing Meters, 221 

Single, for Storing Meters, 220 
Readings, Mistakes in, 292 
Readings, Noting graphically, 294 
Reason Mfg. Co.'s Demand Indicator, 177 

Calibration of, 180 

Sizes of, 181 

Supporting Bracket of, 180 
Reason Meter, 82 

Adjustment of, 83 

Drop, 84 

Magnetic Fields of, 82 

Torque of, 84 

With Electromagnetic Field, Care 
necessary in connecting into Cir- 
cuit, 84 

With Electromagnetic Field, 84 
Reason Prepayment Meter, 150 
Repairing Meters, 297, <fec. 

Electrolytic, 306 
Repairs and Maintenance, Records of, 

309 
Resistances, 236 

Fleming Non-inductive, 237 

Water, 237 
Resistances for Regulating Shunt or 

Pressure Circuits, 240 
Resistances, Lamp, 237, 239 
Rheostat, Wirt, 240 
Rheostats, 239. 241 



Rheostats for Heavy Current Regulation, ' 
243 

Rotating Fields in Induction Motor 
Meters, 8 

Rotating Magnetic Fields, 8 

Rotor of Brush-Gutmann Meter, 23 

Rotor, of Motor Meter, 7 

Running on Shunt, Methods of Prevent- 
ing, 27, 33 

Scales of Maximum Demand Indicators, 

165 
Scheeffer Induction Motor Meter, 34 
Effect of Short Circuit on, 36 
Full Load Drop, 36 
Low Load Adjustment, 35 
Motor, 34 

Phase Compensating, Device of, 35 
Rotor of, 35 
Shunt Current, 36 
Torque, 36 
Weight of Rotor, 35 
Schuckert Meter, 117 

Armature and Brake Disc of, 119 
Brush Gear of, 118 
Full Load Torque of, 120 
Shunt Current of, 120 
Springing Figure Dials of, 119 
Weight of Moving System, 120 
Sealing Meters, 289 
Sealing Tongs and Clamps, 289 
Secondary Cells for Testing Purposes, 

245 
Shallenberger Ampere-hour Meter, 51 
Shallenberger Watt-hour Meter, 45 
Shelf Racks for Storing Meters, 220 
Shielding Brake Magnets, 48 
Shifting Magnetic Fields, 8 
Short-circuited Armatures, Tests for, 302 
Short-circuited Coils, Detection of, 301, 

302 
Short-circuited Commutators, Testing, 

303 
Short Circuit Tests, 267 
Shunt Currents, 196 
Acme, 54 
Bat, 21 

Brush-Gut tman, 24 
Eclipse (Alternating and Continuous- 
Current Meters), 110 
Eclipse (Induction Motor Meters), 27 
Electrical Co.'s (Induction Motor 

Meter), 34 
Hookham (Continuous - Current 

Watt-hour), 79 
Hummel, 34 
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flumt Currents — continued. 
Scheeffer, 36 

Schuckert (Alternating and Con- 
tinuous-Current Meter), 120 
Stanley, 40 

Thomson (Alternating and Con- 
tinuous-Current Meter), 125 
Thomson (Induction Motor Meter). 

43 
Thomson Tramcar Meter, 192 
Vulcan, 131 
Westinghouse, 47 
Shunted Testing Instruments, Troubles 

in, 277 
Sketches of Connections for Meter Fixers' 

use, 287 
Slide Rule, 236 

Slots in Disc of Induction Motor Meter, 23 
Slot Meters (see Prepayment Meters) 
Sluggishness of Demand Indicators, 164 
Small Store, 222 

Spacing of Meters when Testing, 215 
Standard Instruments for Meter Testing, 

223 
Standard of Time, 230 
Stanley Induction Motor Meter, 36 

Auxiliary Shunt Terminal for Use 

when Testing, 38 
Full Load Drop, 38 
Liow Load Adjustment, 40 
Magnetic Suspension of Moving Part, 

36 
Mechanical Friction of, 38 
Motor of, 38 
Permanence of Magnetic Suspension 

of, 39 
Phase Compensating Device of, 38 
Running on Shunt, Prevention of, 40 
" Shading " Coils and Vanes, 38 
Shunt Loss, 40 
Suspension System of, 37 
Torque, 40 

Weight of Moving System, 40 
Stop-Watch Errors, 254 
Store, Meter, 218 

Systems of Charging for Electric Energy, 
163 

Table showing Effect of Increase of Fric- 
tion, 273 

Tables, Testing, 212, 215 

Temperature Errors, 197 

Temperature, Tests for Effect of, 273 

Terminal Boxes, 195 

Terminals, for Ends of Shunt Cords on 
Testing Tables, 214 



Tatting Circuit Connections, 209 

Testing Clock Meters, 267 

Testing Connections: Artificial Load 

258 
Testing Demand Indicators, 269 
Testing Dials, 255 
Testing Electrolytic Meters, 267 
Testing in situ Connections, 279 

Three-wire Meters, 280 
Testing in situ, Standard Meter for, 282 
Testing Meters in situ, 275 
Testing Meters provided with Shunt an< 

Series Transformers, 265 
Testing Motor Meters, 265 
Testing Polyphase Meters, 261, &c. 
Testing Polyphase Meters on Single-phas 

Circuit, 264 
Testing Prepayment Gears of Slot Meters 

268 
Testing Prepayment Meter Cut-off, 269 
Testing Racks, 212 

Testing Shunted Electrolytic Meters, 26' 
Testing Stands, 216 
Testing Tables, 212, 215 
Testing Three-wire Circuit Meters, 259 

Test for Balance of the Coils, 260, 26 
Testing Watt-hour Meters, the Shun 
Circuits of which are normally con 
nected to the " House" Main Tei 
minals, 259 
Test of a Motor Meter, 253 
Tests of Meter Torque, 270 
Tests of Sample Meters, 270 
Tests, Records of, 309 
Thomson Induction Motor Meter, Typ 
A.C.T., 42 

Low Load Adjustment, 43 

Moving System, 42 

Phase Compensating Device of, 43 

Shunt Current, 43 

Torque of, 43 . . 

Weight of Moving System, 44 
Thomson Induction Motor Meter, Typ 
K, 40 

Adjustment for Frequency, 41 

Low Load Adjustment, 41 

Motor, 40 

Moving System, 42 

Rotor, 40 

Torque of, 41 

Weight of Moving System, 42 . 
Thomson Meter, 120 

Adjustment at Low Load, 123, 125 

Armature of, 121 

Brush Adjustment, 123 

Brush Tension, 123 
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Thomson Meter, Clamping Gear and 
Footstep Bearing, 124 

Difference of Constant on A. and 

C.C., 125 
On Inductive Loads, 126 
Shunt Current, 125 
Torque of, 125 

Weight of Moving System, 125 
Thomson Polyphase Meter, 44 
Thomson Tramcar Meter, 191 
Shunt Current of, 192 
Sizes of, 192 
Torque of, 192 

Weight of Moving System, 19 
Thomson Type " A " Meter, 126 
Clamping Gear of, 127 
Torque of, 127 
Torque, 196 
Torque, Apparatus for Measuring Meter, 

233 
Torque, Brake, 14 
Torque, How Produced in Induction 

Motor Meter, 10 
Torque, Measurement of in Mercury 

Motor Meters, 75 
Torque necessary to overcome Friction, 

270 
Torque, Spring Balance for Measuring, 
234 
Measurement of, 236 
Torque Testing, 270 
Torque, Variation of, 9 
Torques : — 

Aron Induction Motor Meter, 17 

Bat Induction Motor Meter, 21 

Brush-Guttmann Induction Motor 
Meter, 24 

Eclipse Induction Motor Meter, 27 

Eclipse Motor Meters (Alternating 
and Continuous-Current) B.N.R. 
and N.R. Types, 110 

Eclipse Type C.R. (Continuous- 
Current) Meter, 58 

Electrical Co.'s Induction Motor 
Meter, 34 

Electrical Co.'s Type K.G. (Con- 
tinuous - Current , Ampere - hour) 
Meter, 65 

Electrical Co.'s Type R.A. (Con- 
tinuous-Current) Meter,* 60 

Ferranti Continuous-Current Meter, 
68 

Ferranti Induction Motor Meter, 
30 
^ Hookham Alternating-Current Pre- 
^fc^. payment Meter, 145 

/ 



Torques — continued . 

Hookham Continuous-Current i891 

Type Meter, 75 
Hookham Continuous-Current 1901 

Type Meter, 76 
Hookham Continuous-Current Watt- 
hour Meter, 78 
Hookham Induction Motor Meter, 32 
Hummel Induction Motor Meter, 34 
"O.K." Continuous-Current Am- 
pere-hour Meter, 81 
Reason Continuous-Current Meter, 

84 
Scheeffer Induction Motor Meter. 36 
Schuckert Meter, 120 
Stanley Induction Motor Meter, 40 
Thomson Meter, 125 
Thomson Tramcar Meter, 192 
Thomson Type A Meter, 127 
Thomson Type A.C.T. Induction 

Motor Meter, 43 
Thomson Type K Induction Motor 

Meter, 41 
Vulcan Meter, 131 
Vulcan Prepayment Meter, 158 
Westinghouse Induction Motor 
Meter, 47 
Tourtel Meter Padlock, 290 
Tramcar Meters, 189 
Arou, 189 
Bastian, 191 
Thomson, 191 
Transformers, 245 

Transformers, Meter Connections of, 47 
Two-Rate Meters, 163, 166 (see Double 
Tariff Meters) 

Uncompensated Induction Motor Meters, 
Unsuitability of on Certain Circuits, 30 

Vaseline for Making Covers Dust-proof, 

297 
Voltage Drop, 196 
Voltmeters, 226 
Vulcan Meter, 127 

Ampere Turns in, 128 

Armature of, 128 

Brush Gear, 129 

Difference of Constant on A . and C . C . 
131 

Switchboard Type, 130 

Shunt Current, 131 

Torque, 131 

Weight of Moving System, 131 
Vulcan Prepayment Meter, 154 

Changing Rate, 157 
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Tulcan Prepayment Meter, Sizes of, 158 
Torque of, 158 

Vail Racks for Storing Meters, 220 
Vatson Prepayment Meter, 159 

Accuracy of, 161 

Calibration of, 162 

Changing Rate of Charging, 162 

On Overloads, 162 

Sizes of, 162 

Switch Gear of, 161 

Winding of Clocks, 162 
Vatt-hour Meters, 3, 8 
' Watt-second per revolution Constant," 

how obtained, 254 
height of Moving Systems : — 

Aron Induction Motor Meter, 17 

Bat Induction Motor Meter, 21 

Brush-Guttmann Induction Motor 
Meter, 24 

Eclipse Continuous-Current Watt- 
hour Meter, 110 

Eclipse Induction Motor Meter, 27 

Eclipse Type C.R. (Continuous- 
Current) Meter, 58 

Electrical Co.'s Induction Motor 
Meter, 34 

Electrical Co.'s Type R.A. (Con- 
tinuous-Current) Meter, 60 

Ferranti Induction Motor Meter, 30 

Hookham Induction Motor Meter, 
32 

Hummel Induction Motor Meter, 34 

" O.K." Continuous-Current Ampere- 
hour Meter, 81 

Scheeffer Induction Motor Meter, 35 

Schuckert Meter, 120 

Stanley Induction Motor Meter, 40 

Thomson Meter, 125 

Thomson Tramcar Meter, 192 

Thomson Type A.C.T. Induction 
Motor Meter, 44 

Thomson Typo A Meter, 127 



Weight of Moving Systems -continued. 

Thomson Tvjh* K Induction Motor 
Meter, 42* 

Vulcan Meter, 131 

\\VstinghouseInductionMotorMcter, 

47 

Westinghouse Induction Motor Meter, 45 

Westinghouse Induction Motor Meter, 

Compensation for Inductive Loads, 

46 

Low-Load Adjustment, 46, 49 

Polyphase Meter, 47 

Shunt Loss, 47 

Spued of, 46 

Torque, 47 

Weight of Moving System, 47 
Winding Armatures, 304 

Chuck for, 305 
Winding Compounding Coils, 306 
Winding Non-inductive Resistances, 306 
Wiring of a Meter Department, 200, 201 
Wirt Kheostat, 240 
Work of a Meter compared to that of a 

Clock, 2 
W right Demand Indicator, 181 

Adjustment of Zero, 186 

Calibration of, 183 

For Three-wire Circuit, 185 

On Inductive Loads, 184 

Removal of Bubbles from under the 
Liquid in the Tubes, 186 

Resetting to Zero, 182 

Shunted Type, 184 

Transformer Type, 185 
Wright Electrolytic Meter, 84, 306 

Back E.M.F., 86 

Drop, 84, 86 

Effect of Connecting up Wrongly, 90 

Objections to, 89 

Platinum Gauze Type, 88 

Syphon Tube Type, 86 

Temperature Compensation, 87 

Three-wire Type, 88 
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VERETT, EDGCUMBE & Co., 



HOUSE SERVICE METERS. 

SERIES I. Ampere-hour Meters for D.C. Circuits. 

II. Double Battery Meters, registering "Charge " and "Discharge." 

III. "Universal" Watt-hour Meters, Small Pattern, for two-wire 

D.C, single-phase A.C.. or two-wire lines of polyphase A.C. 
circuits. l'S to 23 amperes. 

IV. Ditto, ditto, for three-wire D.C. or single-phase A.C. circuits. 

V. " Universal " Watt-hour Meters, Standard Pattern, for two- 
wire D.C, single-phase A.C, or two-wire lines of polyphase 
A.C. circuits. l'S to ISO amperes. 
VI. Ditto, ditto, 200 to SOO^amperei. 
VII. Ditto, ditto, 7S0 to 2.000 amperes. 
VIII. Ditto, ditto, 3,000 to 10,000 amperes. 

IX. " Universal " Watt-hour Meters, Standard Pattern, for three- 
wire, D.C. or single-phase A.C, circuits. 1*3 to 130 amperes. 
X. Ditto, ditto, 200 to 500 amperes. 
„ XI. Ditto, ditto, 730 to 2,000 amperes. 

XII. Ditto, ditto, 3,000 to 10,000 amperes. 
XIII. Induction Watt-hour Meters, for two-wire single-phase or two- 
wire lines of polyphase A.C circuits. Non-inductive Load. 
l'S to 200 amperes. 
„ XIV. Ditto, ditto, Inductive or Non-inductive Load. 

XV. Ditto, ditto, for three-wire single-phase A.C. Circuits. Non- 
inductive Load. 
XVI. Ditto, ditto, Inductive or Non-inductive Load. 
,, XVII. Ditto, for three-wire two-phase A.C Circuits. Balanced Load. 
,, XVIII. Ditto, ditto. Unbalanced Load. 

XIX. Ditto, for four-wire two-phase A.C. Circuits. Balanced Load. 
XX. Ditto, ditto. Unbalanced Load. 

XXI. Ditto, for three-wire three-phase A.C. Circuits. Balanced Load. 
„ XXII. Ditto, ditto. Unbalanced Load. 

„ XXIII. Ditto, for four-wire three-phase A.C. Circuits. Unbalanced Load. 
SHUNTS, RESISTANCES, CHOKING-COILS and TRANSFORMERS for other 

Made also in SWITCHBOARD PATTERN and PORTABLE PATTERN. 

PREPAYMENT and DOUBLE-TARIFF METERS for all systems of supply. 

Also AMMETERS, VOLTMETERS, WATTMETERS, and POWER-FACTOR 
METERS, indicating and recording. FREQUENCY METERS, SYNCHRO- 
NISERS, INSULATION and RESISTANCE TESTERS, FAULT L0CALISERS 
("Loopers"), LEAKAGE INDICATORS, INSTRUMENT TRANSFORMERS, 
PHOTOMETERS, ftc, &e. 

COLUNDALE WORKS, HENDON. 87, VICTORIA ST., WESTMINSTER. 

Tekfha m : 83 Westminster. 



DADT \A7 DA III Manufacturer of Electrical Stands 
ItUD I ■ W. rAUL) and Testing Instruments. 

SOU? MiMR OF TILE 

DUDDELL-MATHER STANDARD 
WATTMETERS. 

DUD DELL-MATHER ANTI-CAPACITY 
WOVEN RESISTANCES. 

' L ° "B|iWe^ia'ble'(.v l '^Jily*o ll r r fnduclaii^. *° la ' 
PAUL'S Single Pivot Dynamo meters for Measurement of Shunt Loase* in Meters, ft 
Newton Avenue Works, New Southgate, L.ONDON, N. 

T,'lr!,ra.ut»:-"Vxm\(yr." Showrooms :-68. HIGH HOLBOBK. W.C. 




BASTIAN METERS 

HAVE STOOD THE TEST OF TIME, 

25,000 

Sold during last 9 years. 

DEAD ACCURATE and NO STRAY UNITS 

CHEAP AND GUARANTEED FOR 3 YEARS. 



SOLE VENDORS: 



RUMNEY & RUMNEY, 

39, Victoria Street, Westminster, S.W. 



Barlock 



Compound interest on tbe valiii 
of the time saved liy :i sinfdc Ki'_va 
" Bar-Loch " Typewriter wouh 
buy five new Tvpewriters in i 
tivi-lvemouth. Think of that. 




Busy Map's 
Typewriter 
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JJritisli ^omsoii'JfousToa 



Company, limited. 



ELECTRICAL ENGINEERS A 



NIIPACTL'RERS. 



B.T.H. ELECTRICAL METERS 

are the result o! years of experimental work, and no effort 

has been spared to obtain the highest possible standard of 

accuracy. They are adapted for every capacity on any 

service and 

EXCEL 

IN 

DURABILITY, RELIABILITY, S1MPLICI TY. 



HEAD OFFICE AND WORKS: RUUBY. 





"Branches I 




LONDON: 




SHEFFIELD : 


Ij, Cannon Street, E.C. 




41. Church Street. 


OLASQOW: 




BIRMINGHAM: 


oi, Wellington Street. 




ng, Colmore Row. 


MANCHESTER: 




BELFAST: 


3D, Crass S tract 




9. I> onega l| Square, W, 


LEEDS: 




NEWCASTLE-ON-TVNE : 


Greek Street Chamber! 




Colling wood Buildings. 


Enquiries ihvuld be 


■*"»»■* "> - 


■rest Brmnch Office. 










ARON METERS 

Two or Three Wire. 
Two-Rate. 

Induction Motor. eleotrh 

D.C. Motor. clocks . 

Polyphase. 
portable Traction. 

resistances. battery. 

Prepayment. 

Portable Standai 

Pamphlets an Application :— 

ARON ELECTRICITY METER, V 

114, Union Street, LONDON, S.E. 



FERRANTI ELECTRICITY METERS 



ELECTRICAL ENGINEERS, ELECTRICIANS AND OTHE 

Books ana Publications 

on an electrica l and Allied Subjec 

UNITED KINGDOM: 

" The Electrician " Printing and Publishing Co., 
1, 2 and 3, Salisbury Court, Fleet Street, Lond 
UNITED STATES : D. van NOSTRAND CO.. 27, Murray Street, New "Y 

A. C. McCLURG CO., Chicago, III. 
JAPAN : Z. P. MARUYA & Co., 14, Nihonbasht Tori Sanchome, Tokyo. 
INDIA: THACKER, SPINK & CO.. Calcutta and Bombay. 
AUSTRALASIA: E. S. WIGG & SON. Rundle Street, Adelaide. 

MELVILLE & MULLER, 26.2, Collins Street, Melbourr 

G. ROBERTSON & CO., 361, Giorge Street. Sydney. 

rnquiria relaims '•' Etetrkal Bm1U will he answered free fy post if address, 

Mr. George TiKKKH, Publisher, ''Tlie Kludrician " I'rinting ami l'ul>li>hin^ 

i!j ti/hnv. {h/,i/.i/i\'/t< >,'"'''" l>' r ! <<W <"' small I. his of Assorted Books for I.i/iraries, i 
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SINGLE-PIVOT 
Portable Moving=Coil Instruments 



(PAUL'S PATENT ■ 

Made in a series of 12 Types, covering all requirements of Electrical 
Engineering Tests with D.C., and reading from 0'0000005 amp. 
or 0'00002 volt upwards. 
The novel system of pivoting ensures high s 
iclioii, accidental injury iif pivot, ami disturbs! 
jus are quick, dead-beat and accurate. 

The design represents tbe greatest itiiproveineiit of recent years in instru- 
euts of this class, and has been adopted by H.M. Navy, G.P.O. Telegraphs, 
id leading engineers. 




POETABLE MAIN TESTING, 

and FAULT-LOCATING SETS. 

COMPLETE EQUIPMENTS FOR 

Electrical Testing & Measurements 
ROBT. W. PAUL, 

Newton Avenue Works, New Southgate, LONDON, N. 



See also Advts on pp. 3*0, 3*4, 3*6 and 318, 



Westinghouse 

Ammeters & Voltmeters 

Are distinguished by their Accuracy and Permanenc 
of Calibration, 



Absolutely Dead Beat. 
Mechanically Sound. 
Dust-proof Covers. 
The British Westinghouse Electric & Mfg. Co., L 

Head Offices: I W«ri»: 

I.CM.OS ; Norfolk S.rrr., Si.ilii.I, W.C. Maschestkk : Trafford Park. 




"THE ELECTRICIAN" PRINTING & PUBLISHING COMPANY, LIMIT 
1, 2 & 3. Salisbury Court, Fleet Street, London, E.C., 
Make a Speciality of High-class 

CATALOGUES, PRICE LIST 

And Electro-Technical Printing of Every Description. 

PHOTOGRAPHIC WORK A SPECIALITY. 

ILLUSTRATIONS in, Tone, Lirje, or Wood supplied on lowest ten 



ELECTROSTATIC VOLTMETER 

Litest Improved Patterns ol Ayrtou & Mather's 

K.S. Voltmeters. 

Correct for all Frequencies. Frea from Frlctional E 

Banges 1 to 7 volts up to 1,001) to S.jOO ioIW, 

Olrecl-readiriK iind Refloctlnc. 

Marc ha at and Worrall'a Patent Electros 

MULTIPLIER. 



ROBT. W. PAUL, ""BSiSSSK 

LONDON, If. 




the "VENNER" 

ME SWITCH. 




Suitable for 2-ratc Meters of any make. 
lCIAL TYPES for Arc and Incandescent, Shop Window, and 
Staircase Lighting. 



CIVTMCO C rf\ 6. Old Queen St., Westminster, 
tlMINCK CC LU., LONDON, s.w. 



THE . . . 

REASON 




MANUFACTURING CO 

LTD, 
BRIGHTON. 



NEW 

ELECTROLYTIC 
METER. 



PERMANENT. 

STABLE. 

UNALTERABLE. 



110 



FRICTION ERRORS, 
MAINTENANCE COSTS, 
LOST UNITS, 
STARTING TROUBLES. 



LOW DROP 



IIEB51KTICATXY SEAIE! 



RHEOSTATS and RESISTANCE 

Ot all descriptions, for currents from 0-1 to 8, 000 amperes, and all apparatus 1 

METER TESTING , 

Consult my Illustrated Ciitnlogue. 

Special apparatus quoted far on an economical 

and prompt delivery given. 

HIGH-GRADE WORK ONLY 

Newton Avenue Works, New Souths 

LONDON, N. 




R0BT. W. PAUL 



ILLUSTRATIONS 



HALF TONE BLOCKS, 
LINE BLOCKS, 

WOOD BLOCKS, 



ELECTROTYPES, 

NICKELLED ELECTROTYP 
STEREOTYPES. 






Catalogue and Price List Illustrations a Special' 

Machinery and Apparatus Photographed, or Drawn by skilled draughtsmei 
Photographs worked up for Reproduction. 




HANBY 

A.C. WATT-HOIR 

METER 

tinnuislies itself from 
other Meters by only 
Eatering when energy 

ses and then' re n isle r- 
permanently all that 
passed. 

1 is light, neat, cheap, 
.u K , durable, accurate, 
ily erected, read and 

It lias only five watts 
interim! loss. at full load, 
will carry SO per cent, 
overload for four hours 
and is not affected by 

"HE UNION ELECTRIC CO., L™-. 

1S1, qUEEW VICTORIA ST., LONDON, E.G., 



BAT METERS. 




WATSON SLOT METER 






For Alternating or Continuous Current. 



Wo Liquids. 

Wo Permanent 
Magnets. 

Wo Mercury 
Contacts. 




Cheating Proof. 

Perfect Coin 
Trap. 

Reliable on Firs! 
Light. 



T HE ROCHDALE ELECTRIC CO., L TD - 

"VPorks : SHAWCLOUGH, ROCHDALE, ENG. 

PAUL'S STANDARD PYROMETERS 

For accurate Temperature Measurements Irom D to 50 J C. 
and Up to 1,400° C. For lluea, superheated steam, furnace 

temperatures, ovena, ifeo. 
The Pyrometers for practical use ; no suspensions or 

delicate parts ; therm o-Ju net i on | interchangeable. 
As supplied to the principal Government Department", the 

National Physical Laboratory, and leading engineers. 




GOLD MEDAL, ST. LOUIS, 1S04. 
nfkn-r U II New * on *venu« Works, New Southgrate, 

KUBI. W. rAUL, London, n. 

ACCOUNT BOOKS, STATIONERY, 

And Ojflce Requisites of Every Description supplied on Lowest Terms. 

Meter Books, Cards and Forms, Motor Records, Automobile Logs, Ac, 4c , 

Supplied to Order In any Style. 

Typewriter, and Typewriting Supplies of all kinds. 
Copying and Duplicating Apparatus. 

"THE ELECTRICIAN" PRINTING AND PUBLISHING COMPANY, LIMITED, 
1..2&3, Salisbury Court. " net, Le- J — "..C 



ij 



March, 1906, 
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" Cbe electrician " Series 



BY PROMINENT AUTHORS* 



London . 

"THE ELECTRICIAN" PRINTING & PUBLISHING Co.,L,D., 

i, 2 & 3, Salisbury Court, Fleet Street, London, E.C 



"THE ELECTRICIAN." 

Every Friday morning. Price 6d.,post free 6^d. ; abroad, 9d. 

Terms of Subscription: Year. Half-Year. Quarter. 

Great Britain £i 6 o .. .. £o 13 6 .. .. ^,"0 7 o 

Countries in the Postal Union.. x 10 o .. .. 0160.... 080 
Bound Volumes {April and October) iys. 6d. each) post free {U.K.) i8j. 6d.; abroad extra. 

"The Electrician " is the oldest electrical journal published. First series, i860; second 
series, 1878. It has always borne the same title, been the same size, and been published weekly. 
Consequently the Volumes form a unique set of uniform appearance. In the volumes of " The 
Electrician" will be found the most valuable collection of original Papers and articles by 
nearly every leading writer on every branch of electrical engineering, science and industry, 
besides all Papers read before the principal Electrical Institutions throughout the world 
by men eminent in the Electrical Profession, and authenticated reports of the discussions 
thereupon. Original articles appearing in '* The Electrician " arc written by gentlemen having 
no interest whatever in particular electrical systems, and with but one object— the advancement of 
electrical knowledge and electro- technology generally. Many of these original series of articles 
have since been revised and amplified, and published in book form. These form the nucleus of 
the well-known " Electrician" Series. 

Much space is devoted in every weekly issue to fully illustrated, technical descriptions of 
the Electricity Supply Works and Electric Tramways owned by Local Authorities and Com- 

Sanies, and in the very full record of Municipal Notes, the progress and development of 
lunicipal Electrical Enterprise is given. The Municipal Notes of " The Electrician " are 
more numerous, more complete, and more up-to-date than those of any other technical or trade 
journal in the world. 

In addition to the above, "The Electrician" contains a complete record of all the legal 
causes which have occupied the attention of tbe Courts of Justice tor the past 27 years. It is 
customary for "The Electrician" to occupy a prominent position in the Courts as an 
authority upon all legal questions affecting the Electrical Profession and Industry, 

A regular feature in " The Electrician " has always been the verbatim reports of meetings 
of Electrical Companies and Corporations, and the completest possible record of financial items 
relating to the Electrical Industry. A very complete Share List of Electrical Investments. 

Finally, "The Electrician" has been of incalculable service to technical education, and 
has done much to make the general study of electricity the reality it has undoubtedly become. 
No aspirant to honour and renown in the electrical profession can hope to keep abreast of the 
never-ceasing stream of discoveries of new applications of electrical science to every-day com- 
mercial pursuits who does not diligently peruse tbe colums of "The Electrician," which is 
pre-eminently the leading electrical journal. 



"The Electrician" Electrical Trades' 
Directory and Handbook. 



Established 1882. The cheapest, largest and only reliable Directory published for 
the Electrical and Kindred Trades. Published END OF JANUARY in each year. 
Royal 8vo., about 2,000 pages. SUBSCRIPTION PRICE 7s. 6d. nett, post free 8s. 3d. ; 
British Colonies, 9s. 6d.; abroad, 10s. After date of publication, 15s. nett, post free 
15s. gd. (British Colonies, 17s., post free; U.S.A., 18s 6d., post free; other countries, z8s.) 

This Directory and Handbook is well known throughout the Electrical, Engineering and 
Allied Professions and Trades in all parts of the World. No expense is spared to make the work 
really complete and reliable. The Lists of Names and Addresses are made up from exclusive 
sources. The Directory portion of the book is divided into six divisions, viz., a British Division, 
and Colonial, Continental, Asiatic and African, Central and South American and United States 
Divisions. Each Division is sub-divided into an Alphabetical Section and a Classified Trades' 
Section, New Names and corrections to existing entries in the Directorial portion of the book 
are received up to the end of January. Extra insertions are made in the Classified Trades' 
Section at low rates. In addition to more than 800 pages of purely Directorial matter, the Hand- 
book portion contains a mass (about 950 pages) of interesting electro technical statistics and 
commercial information relating to electricity supply, electric power distribution and transmission, 
and el»ctric traction, Fire Risk Rules (British and Foreign), Digest of the Law of Electric 
Lighting, Traction, Telegraphy and Telephony, &c, the great part of which is specially com- 
piled for the Directory, and cannot be obtained elsewhere. There is also a very interesting 
Biographical Division, besides many invaluable Sheet Tables, Maps, &c 



" THE ELECTRICIAN " SERIES 

OF STANDARD BOOKS 



Ayrton— THE ELECTRIC ARC. By Mrs. Ayrton, M.I.E.E. 

Very fullv Illustrated, Price 12s. '#»!. 
Abstract from Authors Preface. — 1 hit book owes its origin to a scries of article* 
published in 7*he Electrician in 1805-0. In experimenting on tli«* :ir t: niv aim was not *o much to add 
to the large number of isolated tacts that had already been discovered, as to form some idea of the 
bearing of these upon one another, and thus to arrive at a clear conception of what takes place in 
each part of the arc and carbons at every moment. 1 he attempt to correlate all the known 
phenomena and to bind them into one consistent whole led to the deduction of new fact*, 
and opened up fresh questions, to be answered in their turn by new experiment*. Thus the subject 
grew and developed into what may almost be termed a natural wav. The experiments ot other 
observers have been employed in two ways : 1 1) In confirmation of theory developed from my own 
experiments, and (2) as the basis of theory for which further tests were devised. M. Mlondel's 
interesting and systematic researches, the admirable work ot Mr. A. P. Trotter, and Prof. 
Ayrton's Chicago Paper were all laid under contribution, and the deductions drawn from them 
tested by new experiments. The excellent work done by men whose names are quite unfamiliar to 
ns in England, including Nebel, Feussner, Luggin, ( iranquist and Herzfeld, has been utilised, and 
in Chapter II. I have given short abstracts of roost of th»; important Papers on the direct-current 
arc that appeared up to the end of the nineteenth centurv. 

Baines— BEGINNER'S MANUAL OF SUBMARINE CABLE 

TESTING AND WORKING. By G. M. Haines. Second Edition. Cloth Bound 

7s. 6d. nett, post free 8s. 
This book has been written to me.^t the requirements of those about to commence the udy 
of Submarine Telegraphy. All subjects demanding attention have be<n brought within the scope 
of the volume and have been dealt with at sufficient length to enable an intelligible idea to be 
obtained of them. With regard to the algebraical portion of the study, all the formulae have been 
worked out step by step, and, where convenient, have been supplemented by arithmetical 
equivalents. The book is divided into 18 chapters, and deals with : Batteries, Ohm's Law, Joint 
Resistance, Wheatstone Bridge, Bridge Measurements, Insulation Test by Direct Deflection, 
Inductive Capacity, Internal Resistance of a Battery, &c, E.M.F. oi a Battery, &c, Current 
Strength in Wheatstone Bridge, &c, Tests of Broken or Faulty Cables, and Description of 
Apparatus, &c. 

Beaumont— THE STEAM-ENGINE INDICATOR AND INDI- 
CATOR DIAGRAMS. Edited by W. W. Beaumont, M.I.C.E., M.I.M.E., &c. New 

and Enlarged Edition, Now Ready. 6s. nett. post free. 
The object of this book is to place in the hands of students and practical men a concise 
guide to the objects, construction and use of the indicator, and to the interpretation of indicator 
diagrams. Lengthy discussion of theoretical or hypothetical matters has been avoided. The 
behaviour of steam and its expansion under different conditions have been treated in a simple 
manner so far as these questions are important to the consideration of indicator diagrams in 
their most usual practical applications. 

Bond— RATING OF ELECTRIC LIGHTING, ELECTRIC 

TRAMWAY AND SIMILAR UNDERTAKINGS. By W. G. Bond, A.I.E.E. Now 

ready, cloth, 8vo, price 2s. 6d. net. 
This little book is intended for the use of Directors, Secretaries, Engineers and other 
Officials connected with Electric Traction, Lighting and Power Distribution Companies. The 
chief object of the Author has been to enable those who are not familiar with the principles and 
practice of rating to ascertain for themselves whether the Rateable Value of their property is 
reasonable or excessive, and thus avoid unnecessary expense at the outset. 

Boult— COMPREHENSIVE INTERNATIONAL WIRE TABLES 

FOR ELECTRIC CONDUCTORS. By W. S. Boult. Price 4s. post free. 

Carter— MOTIVE POWER AND GEARING FOR ELECTRICAL 

MACHINERY: A Treatise on the Theory and Practice of the Mechanical Equipment 
of Power Stations for Electric Supply, and for Electric Traction. By E. Tremlett Carter, 
C.E. f< M.I.E.E., F.R.A.S., F.P.S. (Lond.), &c. 650 pages, 200 Illustrations, Scale 
Drawings and Folding Plates, and over 80 Tables of Engineering Data. In one volume. 
New edition, revised by (J. Thomas -Davies. Now Ready. Price 12s. 6d. nett, post 
free 13s. 

Part I. — Introductory. Part II. — The Steam Engine. Part III. — Gas and Oil Engines. 

Part IV. — Water Power Plant. Part V. — Gearing. Part VI. — Types of Power Stations. 

This work presents to consulting engineers, contractors, central-station engineers and 
engineering students the latest and most approved practice in the equipment and working of 
mechanical plant in electric power generating stations. Every part of the work has been brought 
completely up to date ; and especially in the matter of the costs of equipment and working the 
latest available information has been given. The treatise deals with Steam, Gas, Oil and 
Hydraulic Plant and Gearing; and it deals with these severally from the three standpoints of 
(1) Theory, (2) Practice and (3) Costs. 

"Motive Power and Gearing for Electrical Machinery" is a handbook of modern 
electrical engineering practice in all parts of the world. It offers to the reader a means of 
comparing the central station practice of the United Kingdom with that of America, the Colonies 
or other places abroad ; and it enables him to study the scientific, economic and financial principles 

"THE ELECTRICIAN" PRINTING & PUBLISHINGCO., LTD., 
1, 2 and 3, Salisbury Court, Fleet Street, London 
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upon which the relative suitability of various forms of practice is based, and to apply these 
principles to the design or working of plant for any given kind of work, whether for electrical Jj 
supply or for electric traction. It is a treatise which shouldbe in the hands of every electrical J 
engineer throughout the world, as it constitutes the only existing treatise on the Economics of 
Motive Power and Gearing for Electrical Machinery. 

Cooper— PRIMARY BATTERIES: THEIR CONSTRUCTION' 

AND USE. By W. R. Cooper, M.A. Fully Illustrated. Price ios. 6d. nett. 
Author* s Preface — Extract. — Primary Batteries form a subject from which much has beem : 
boped, and but little realised. But even so, it cannot be said that the advance has been small : < 
and consequently no apology is offered for the present volume, in which the somewhat scattered y 
literature of the subject has been brought together. Recent years have seen important additions \ 
to the theory of the voltaic cell, and therefore a considerable number of pages have been devoted - 
to this part of the subject, although it is impossible to do more than give a superficial sketch of 
the theory in a volume like the present. With regard to the practical part of the subject, this 
volume is not intended to be encyclopaedic in character ; the object has been rather to describe 
those batteries which are in general use, or of particular theoretical interest. As far as possible, 
the Author has drawn on his personal experience, in giving practical results, which, it is hoped, 
will add to the usefulness of the book. Owing to tbe importance of the subject, Standard Cells 
have been dealt with at some length. Those cells, however, which are no longer in general use 
are not described ; but recent work is summarised in some detail so as to give a fair idea of our 
knowledge up to the present time. It has also been thought well to devote a chapter to Carbon- 
Consuming Cells. Very little has been written upon this subject, but it is of great interest, and 
possibly of great importance in the future. 

Cooper— See "THE ELECTRICIAN" PRIMERS, Page n. 
Curtis-Hayward— A DIGEST OF THE LAW OF ELECTRIC 

LIGHTING, ELECTRIC TRACTION AND OTHER SUBJECTS. By A. C. 

Curtis-Hayward, B.A., A.I.E.E. Price 3s. 6d., post free. Published annually in March, 
Being a full critical abstract of the Electric Lighting Acts, 1882 and 1889, of the Tramways 
Act, 1870, and of the documents issued from time to time by the Board of Trade dealing with 
Electric Lighting, Electric Traction, &c, including the Rules as to the procedure in connection 
with applications to the Light Railway Commissioners for Orders under the Light Railways Act, 
X&96, and forms of accounts for Board of Trade returns for Electricity Supply Undertakings. The 
Digest treats first of the manner in which persons desirous of supplying electricity must set to 
work, and then of their rights and obligations after obtaining Parliamentary powers ; and gives in 
a succinct form information of great value to Local Authorities, Electric Light Contractors, &c, 
up to date. The Hoard of Trade Regulations as to the Supply of Electrical Energy, the London 
County Council Regulations as to Overhead Wires, Theatre Lighting, &c, together with the Bye- 
laws enforced in pursuance of Part II. of the Public Health Acts Amendment Act, 1890, by the 
various Urban Sanitary Authorities are also given. 

Ewing— MAGNETIC INDUCTION IN IRON AND OTHER 

METALS. By Prof. J. A. Ewing, M.A., B.Sc, F.R.S., Professor of Mechanism and 

Applied Mechanics in the University of Cambridge. 382 pages, 173 Illustrations. Price 

ios. 6d. nett. Third Edition, Second Issue. 

Synopsis of Contents. — After an introductory chapter, which attempts to explain the 

fundamental ideas and the terminology, an account is given of the methods which are usually 

employed to measure the magnetic quality of metals. Examples are then quoted, showing the 

results of such measurements for various specimens of iron, steel, nickel and cobalt. A chapter 

on Magnetic Hysteresis follows, and then the distinctive features of induction by very weak and 

by very strong magnetic forces are separately described, with further description of experimental 

methods, and with additional numerical results. The influence of Temperature and the influence 

oi Stress are next discussed. The conception of the Magnetic Circuit is then explained, and 

some account is given of experiments which are best elucidated by making use of this essentially 

modern method of treatment. 

Fisher— THE POTENTIOMETER AND ITS ADJUNCTS. (A 

Universal System of Electrical Measurement.) By W. Clark Fisher. Price 6s. post free ; 
abroad, 6s. 6d. 

The extended use of the Potentiometer System of Electrical Measurement will, it is hoped, 
be sufficient excuse for the publication of this work, which, while dealing with the main instru- 
ment, its construction, use and capabilities, would necessarily be incomplete without similar 
treatment of the various apparatus which, as adjuncts, extend the range and usefulness of the 
whole system. 

The engineer or practical man demands that he shall be shown results quickly, plainly and 
accurately with a minimum of trouble, understanding, and consequently " Time," and on that 
account prefers— like all good mechanics — to have one good instrument, which, once understood 
and easily manipulated, can be used in a variety of ways to suit his needs. It is to this fact, 
undoubtedly, that the " Potentiometer " method of measurement owes its popularity. Its accuracy 
is rarely, if ever, impugned. Measurements made by it are universally accepted amongst engi- 
neers, and it might be well termed a " universal " instrument in " universal " use. 

Fisher and Darby— STUDENTS' GUIDE TO SUBMARINE 

CABLE TESTING. By H. K. C. Fisher and J. C. H. Darby. New and Enlarged 
Edition. Fully Illustrated. Price 7s. 5d. nett, post free ; abroad, 8s. 

The Authors of this book have, for some years past, been engaged in the practical work 
of Submarine Cable Testing in the Eastern Extension Telegraph Company's service, and 
have embodied their experience in a Guide for the use of those in the Telegraph Service 
who desire to qualify themselves for the examinations which the Cable Companies have recently 
instituted. To those desirous of entering the Gable Service, Messrs. Fisher and Darby's book is 
indispensable, as it is now necessary for probationers to pass these examinations as part of the 
qualification for service. 

A valuable set of Questions and Answers is added to the New and Enlarged Edition. 

"THE ELECTRICIAN " PRINT' W~' " r ^ T m, 

J, 2 and 3, Salisbury Cov 
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Fleming— A HANDBOOK FOR THE ELECTRICAL Lab- 
oratory AND TESTING ROOM liy Dr. J. A. Fleming, M.A., F.R.S.,M.K.I., 
^ 8tc. Vol. I., price 12s. Gd. nett, post fri-e ijs. Vol. II., 14*. nett. 
This^ Handbook has been written imperially to m»M»t th«- riMiuir-'ment* of Electrical 
Engineers in Supply Stations, Klerttira! !•*.•« torii". ami IVstint; K«» -mi. I h- It o< c »n i<«ts o a 
series f>r Chapters each describing the srost approved an-1 practical ini-thoiU of c .n'lurting some 
one class of Electrical Measurements, such a\ those of Kesist.inre, Klertmmotive Force, ( urrent, 
Power, &c, he. It does not contain merely an indiscriminate collection ot Phvsi< al Laboratory, 
processes without regard to suitability tor Knginerrirg Work. 1 he Author has brought to 
its compilation a long practical rxpeiimcr ot tin* methods described, and it will b«* found to be a 
digest of the best experience in Klectrical Testing. The Volumes contain a Chapter on the 
Equipment of Klectrical Laboratories and numerous Tables ot Klectrical Data, which will render 
it an essential addition to the library of every practical Electrician, Teacher or Student. 

Synopsis of Contents. 
Vol. I. Vol. II. 

Chapter I. — Equipment of an Electrical Test- I Chapter I. — The Measurement of Electric 
ing Room. 1 (Quantity and Knrrgy. 

,, II. — The Measurement of Electrical 1 ,, II. — The Measurement of Capacity 

Resistance. and Inductance. 

„ III. — The Measurement of Electric \ „ III.— Photometry. 

Current. ,, IV. — Magnetic and Iron Testing. 

,, IV. — The Measurement of Klei tromo- ' „ V. — Dynamo, .Motor and Transformer 
tive Force. Testing. 



n 



V. — TheMeasureraent of Electric Power. 



Fleming— THE ALTERNATE CURRENT TRANSFORMER 

IN THEORY AND PRACTICE. By J. A. Fleming, M.A., D.Sc, F.R.S., M.R.I., 
8cc, Professor of Electrical Engineering in University College, London, Vol. I. New 
Edition— Almost entirely Rewritten, and brought up to date. More than 600 pages 
and 213 illustrations, 12s. 6<1. post free; abroad, 13s. 
Since the first edition of this Treatise was published, the study of the properties and appli- 
cations of alternating electric currents has made enormous progress The Author has, 

accordingly, rewritten the greater part of the chapters, ana availed himself of various criticisms, 
with the desire of removing mistakes and remedying defects of treatment. In the hope that this 
will be found to render the book still useful to the increasing numbers of those who are practically 
engaged in alternating-current work, he has sought, as far as possible, to avoid academic methods 
and keep in touch with the necessities of the student who has to deal with the subject not as a 
basis for mathematical gymnastics but with the object of acquiring practically useful knowledge. 

Dr. Fleming's manual on the Alternate-Current Transformer in Theory and Practice is 
recognised as the text book on the subject. Vol. I., which deals with " The Induction of Electric 
Currents," has passed through three editions, each edition having, in its turn, passed through 
several issues. This volume consists of 613 pages, and has 213 illustrations. 

Fleming— THE ALTERNATE CURRENT TRANSFORMER 

IN THEuRY AND PRACTICE. By J. A. Fleming, M.A., D.Sc, F.R.S., M.R.I., 
&c, Professor of Electrical Engineering in University College, London. Third Issue 
More than 600 pages and over 300 illustrations. Vol.11. 12s. 6d. post free; abroad, 13s. 
Vol. II. treats of *'The Utilisation of Induced Currents." This volume has also passed 
through numerous issues, consists of about 600 pages, and has 313 illustrations. 

Fleming— THE CENTENARY OF THE ELECTRIC CURRENT. 

T 799— 1899. By Prof. J. A. Fleming, F.R.S. With Illustrations of early apparatus and 
interesting Chronological Notes. In neat paper covers is. nett, post free is. 3d. Bound 
cloth 2s. nett. post free. 

Fleming— ELECTRICAL LABORATORY NOTES AND FORMS. 

Arranged and prepared by Dr. J. A. Fleming, M.A., F.R.S., Professor of Electrical 

Engineering in University College, London. 
These *' Laboratory Notes and Forms " have been prepared to assist Teachers, Demonstra- 
tors, and Students in Klectrical Laboratories, and to enable the Teacher to economise time. They 
consist of a series of (about) Twenty Elementary and (about) Twenty Advanced Exercises in 
Practical Electrical Measurements and Testing. For each of these Exercises a four-page Report 
Sheet has been prepared, two pages of which are occupied with a condensed account of the theory 
and practical instructions lor performing the particular Experiment, the two other pages being 
ruled up in lettered columns, to be filled in by the Student with the observed and calculated 

Suan titles. When simple diagrams will assist the Student, these have been supplied. These 
xercises are for the most part based on the methods in use in the Electrical Engineering 
Laboratories of University College, London ; but they are perfectly general, and can be put into 
practice in any Electrical Laboratory. 

Each Form is supplied either singly at 4d. nett, or at 3s. 6d. per dozen nett (assorted or 
otherwise as required) ; in sets of any three at is. nett ; or the set of (about) Twenty Elementary 
(or Advanced) Exercises can be obtained, price 5s. 6d. nett. The complete set of Elementary and 
Advanced Exercises arc price 10s. 6d. nett, or in a handy Portfolio, 12s. nett, or bound in strong 
cloth case, price 12s. 6d. nett. 

Spare Tabulated Sheets for Observations, price id. each nett. 

Strong Portfolios, price is. 6d. each. 

The very best quality foolscap sectional paper (i6in. by 13m.) can be supplied, price [is. per 
dozen sheets nett. 

NOW READY.— Cheaper edition of " Electrical Laboratory Notes and Forms." These 
cheaper Forms have been prepared for the use of students and teachers at the Polytechnic and 
other science classes throughout the country. These Forms, which differ only from the higher 
priced set in being printed on smaller and cheaper paper and with less space for tabulated records, 
are issued at half the price of the above set. Bound in strong case, 7s. 6d. 
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Fleming.— ELECTRIC LAMPS AND ELECTRIC LIGHTING. 

By Prof. T. A. Fleming, M.A., D.Sc, F.R.S., M.R.I., Professor of Electrical Engineer- 
ing in University College, London. New Edition. Very fully illustrated, handsomely 
bound, on good paper, price 6s. nett. 
The original aim of a course of four lectures by Prof. T. A. Fleming on " Electric Illumina- 
tion " was to offer to a general audience such non- technical explanations of the physical effects 
and problems concerned in the modern applications of electricity for illumination purposes as 
might serve to further an intelligent interest in the subject. In this, the second edition of the 
book, the author has brought the original edition into line with recent practice without departing 
from the elementary character of the work. 

Fleming— THE ELECTRONIC THEORY OF ELECTRICITY. 

By Prof. J. A. Fleming, M.A., D.vSc, F.R.S. Price is. 6d. post free. 
Extract from the Author. — In this sketch of the Electronic Theory the author has made 
no attempt to present a detailed account of discoveries in their historical order, or to con- 
nect them especially with their authors. The object has been to show the evolution of the idea 
that electricity is atomic in structure, and that thus these atoms of electricity called electrons 
attach themselves to material atoms and are separable from them. Lorentz, Helmholtz, Thomson 
and others have shown that such a conception of atomic structure enables us to explain many 
electro-optic phenomena which are inexplicable on any other theory. The Electronic Theory of 
Electricity, which is an expansion of an idea originally due to Weber, does not invalidate the 
ideas which lie at the base of Maxwell's theory that electric and magnetic effects are due to the 
strains and stresses in the aether, but supplements them by a new conception — that of the electron 
or electric particle as the thing which is moved by electric force, and which, in turn, gives rise to 
magnetic force as it moves. All the facts of electricity and magnetism are capable of being 
restated in the terms of the idea. 

Fleming— HERTZIAN WAVE WIRELESS TELEGRAPHY; 

A Reprint of a series of articles in the " Popular Science Monthly," based upon Dr 
Fleming's Cantor Lectures before the Society of Arts, 1903. By Dr. J. A. Fleming, 
F.R.S. xo8 large 8vo. pages, fully illustrated. 3s. 6d. nett. ' 

Geipel and Kilgour— A POCKET-BOOK OF ELECTRICAL 

ENGINEERING FORMULA. &c. By W. Geipel and H. Kilgour. 800 pages. 7s. 6d. 
nett ; post free at home or abroad, 7s. oxl. 

With the extension of all branches of Electrical Engineering (and particularly the heavier 
branches), the need of a publication of the Pocket-Book style dealing practically therewith 
increases ; for while there are many such books referring to Mechanical Engineering, and several 
dealing almost exclusively with the lighter branches of electrical work, none of these suffice for the 
purposes of the numerous body of Electrical Engineers engaged in the application of electricity to 
Lighting, Traction, Transmission of Power, Metallurgy, and Chemical Manufacturing. It is to 
supply this real want that this most comprehensive book has been prepared. 

Compiled to some extent on the lines of other pocket-books, the rules and formulae in general 
use among Electricians and Electrical Engineers all over the world have been supplemented by 
brief and, it is hoped, clear descriptions of the various subjects treated, as well as by concise 
articles and hints on the construction and management of various plant and machinery. 

No pains have been spared in compiling the various sections to bring the book thoroughly 
up to date ; and while much original matter is given, that which is not original has been carefully 
selected, and, where necessary, corrected. Where authorities differ, as far as practicable a mean 
has been taken, the different formulae being quoted for guidance. 

Gerhardi— ELECTRICITY METERS, THEIR CONSTRUCTION 

AND MANAGEMENT. A Practical Manual for Central Station Engineers, Distri- 
buting Engineers, and Students. By C. H. W. Gerhardi. 8vo. Very fully illustrated. 
Now R'ady. 9s. nett. ' 
This valuable Practical Manual on the Management of Electricity Meters, which will form 
a volume in '*Thb Electrician " Series, will be published shortly. The Author has had many 
years' exceptional experience with Electricity Meters as chief ot the Testing Department of the 
largest electricity supply undertaking in the United Kingdom. Mr. Gerhardi's intimate acquain- 
tance with the working of all existing meters on the market, and with the details of their construc- 
tion, is a guarantee that the book will meet the requirements of those engaged in work in which the 
Electricity Meter forms an essential part. In the division of the book devoted to " Testing," Mr. 
Gerhardi's experience will prove of the greatest service to supply station engineers and managers. 

Gore— THE ART OF ELECTROLYTIC SEPARATION OF 

METALS (Theoretical and Practical). By George Gore, LL.D., F.R.S. The only 

book on this important subject in any language. Over 300 pages, 106 illustrations. Price 

10s. 6d. post free. 

No other book entirely devoted to the Electrolytic Separation of Metals exists in any 

language, those dealing with electro-metallurgy being all more or less devoted to electro-plating. 

Dr. Gore's work is, therefore, of the utmost service in connection with all classes of electrolytic 

work connected with the refining of metals. -The book contains both the science and the art of 

the subject (both the theoretical principles upon which the art is based and the practical rules and 

details of technical application on a commercial scale), so that it is suited to the requirements of 

both students and manufacturers. 

Gore— ELECTRO-CHEMISTRY. By George Gore, LL.D., F.R.S. 

Second Edition. Price 2s. post free. 
At the time when this book first appeared no separate treatise on Electro-Cheraistry 
existed in the English language, and Dr. Gore, whose books on electro- metallurgy, electro- 
deposition and other important branches of electro-technical work are known throughout the 
world, has collected together a mass of useful information and has arranged this in consecutive 
order, giving brief descriptions of the known laws and general principles which underlie the 
subject of Electro-Chemistry. A very copious index is provided. 
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Hawkins— THE THEORY OF COMMUTATION By C. C. 

Hawkins, M.A., M.I.E.E. Paper covers. 2s. 6d. nett. 

Heaviside— " ELECTRICAL PAPERS. " In Two Volumes. By 

Oliver Heaviside. Price 30s. nett. 

The first twelve articles of Vol. I. deal mainly with Telegraphy, and the next eight with the 
Theory of the Propagation of Variations ot Current along Wires. Then follows a series of 
Papers relating to r.lectrical Theory in general. 

The contents of Vol. II. include numerous Papers on Electro-Magnetic Induct on and its 
Propagation, on the Self- Induction of Wires, on Resistance and Conductance Operators and 
their Derivatives Inductance and Permittance, on Electro-Magnetic Waves, a general solution 
of Maxwell's Electro-Magnetic Equations in a Homogeneous Isotropic Medium, Notes on Nomen- 
clature, on the Iheory of the Telephone, on Hysteresis, Lightning Conductors, &c. 

These two Volumes are scarce and are not likely to be reprinted. 

Heaviside— ELECTROMAGNETIC THEORY. By Oliver Heavi- 

side. Vol.1. Second issue. 466 pages. Price 12s. 6d., post free 13s. Vol.11. 568 pages. 
Price 12s. 6d. post free; abroad, 13s. 

Extract from Preface to Vol. /.— This work is something approaching a connected treatise 
on electrical theory, though without the strict formality usually associated with a treatise. The 
following are some of the leading points in this volume. The first chapter is introductory. The 
second consists of an outline scheme of the fundamentals of electromagnetic theory from the 
Faraday-Maxwell point of view, with some small modifications and extensions upon Maxwell's 
equations. The third chapter is devoted to vector algebra and analysis, in the form used by me 
in former papers. The fourth chapter is devoted to the theory of plane electromagnetic waves, 
and, being mainly desc riptive, may perhaps be read with profit by many who are unable to tackle 
the mathematical theory comprehensively. I have included in the present volume the application 
of the theory (in duplex form) to straight wires, and also an account of the effects of self- 
induction and leakage, which are of some significance in present practice as well as in possible 
future developments. 

Extract from Preface to Vol. II. — From one point of view this volume consists essentially 
of a detailed development of the mathematical theory of the propagation of plane electro- 
magnetic waves in conducting dielectrics, according to Maxwell's theory, somewhat extended. 
From another point of view, it is the development of the theory of the propagation of waves along 
wires. But on account of the important applications, ranging from Atlantic telegraphy, through 
ordinary telegraphy and telephony, to Hertzian waves along wires, the Author has usually 
preferred to express results in terms of the concrete voltage and current, rather than the specific 
electric and magnetic forces belonging to a single tube of flux of energy. . . . The theory of 
the latest kind of so-called wireless telegraphy (Lodge, Marconi, &c.) has been somewhat 
anticipated, since the waves sent up the vertical wire are hemispherical, with their equatorial 
bases on the ground or sea, which they run along in expanding. (See } 60, Vol. 1. ; also 1 393 in 
this volume.) The author's old predictions relating to skin conduction, and to the possibilities of 
long-distance telephony have been abundantly verified in advancing practice ; and his^ old 
predictions relating to the behaviour of approximately distortionless circuits have also received 
fair support in the quantitative observation of Hertzian waves along wires. 
Vol* III* In preparation, ready in 1906. 

Jehl— CARBON MAKING FOR ALL ELECTRICAL PUR- 

POSES. By Francis Jehl. Fully illustrated. Price 10s. 6d. post free. 
This work gives a concise account of the process of making High Grade and other 
Carbon for Electric Lighting, Electrolytic, and all other electrical purposes. 

Contents. 

Chapter I. — Physical Properties of Carbon. 
„ II. — Historical Notes. 



on a Small Scale. 
„ XIII.— Building a Carbon Factory. 
„ XIV.— Soot or Lamp Black. 
„ XV. — Soot Factories. 



„ III.— Facts concerning Carbon. 

„ IV. — The Modern Process of Manu- 
facturing Carbons. 

„ V. — Hints to Carbon Manufacturers 
and Electric Light Engineers. 

„ VI.— A " New " Raw Material. 

„ VII. — Gas Generators. 

„ VIII. — The Furnace. 

„ IX. — The Estimation of High Tem- 
peratures. 

Kennelly and Wilkinson— PRACTICAL NOTES FOR ELEC- 

TR1CAI. STUDENTS. Laws, Units and Simple Measuring Instruments. By A. E. 
Kennelly and H. D. Wilkinson. 320 pages, 155 illustrations. Price 6s. 6d. post free. 

Contents. 

Chapter I. — Introductory. 
II. — Batteries. 
III. — Electromotive Force and Poten- 



>> 



Chapter X. — Gas Analysis. 

XI.— On the Capital necessary for 
starting a Carbon Works and 
the Profits in Carbon Manu- 
facturing. 
XII.— The Manufacture of Electrodes 



tial. 
IV. — Resistance. 
V. — Current. 



Chapter VI. — Current Indicators. 

VII.— Simple Tests with Indicators. 
VIII— Calibration of Current Indica- 
tors. 
IX.— Magnetic Fields and their 
Measurement. 



These instructive Practical Notes for Electrical Students were started by Mr. A. E. 
Kennelly prior to his departure from England to join the staff of Mr. Edison in the United 
States, ana were continued and completed by Mr. H. D. Wilkinson, who has prepared a work 
which is of great service to students. The volume contains 155 illustrations, and deals mainly 
with Laws, Units and Simple Measuring Apparatus. 
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Lemstrom— ELECTRICITY IN AGRICULTURE AND HORTI- 
CULTURE. By Prof. S. Lemstrdm. With illustrations. Price 3s. 6d. nett. 
Extract from Author's Introductory Remarks. — It is well known that the question which is 
the subject oi this book has been a favourite field of investigation for a century past. As the sub- 
ject is connected with no less than three sciences— viz., physics, botany and agricultural physics- 
it is in itself not particularly attractive. The causes which induced me to begin the investigation 
of this matter were manifold, and I venture to hope that an exposition of them will not be with- 
out general interest. 

Lodge— WIRELESS TELEGRAPHY.— SIGNALLING ACROSS 

SPACE WITHOUT WIRES. By Sir Oliver J. Lodge, D.Sc, F.R.S. New and 
Enlarged Edition. Second Issue. Very fully illustrated. Price 5s. nett, post free 5s. 3d. 
The new edition forms a complete Illustrated Treatise on Hertzian Wave Work. The Full 
Notes of the interesting Lecture delivered by the Author before the Royal Institution, London, in 
June, 1894, 1orm the first chapter of the book. The second chapter is devoted to the Application 
of Hertz Waves and Coherer Signalling to Telegraphy, while Chapter III. gives Details of other 
Telegraphic Developments. In Chapter IV. a history of the Coherer Principle is given, including 
Professor Hughes' Early Observations before Hertz or Branly, and the work of M. Branly. 
Chapers are also devoted to *' Communications with respect to Coherer Phenomena on a Lar^e 
Scale," the " Photo-Electric Researches of Drs. Elster and Geitel," and the Photo-Electric 
Researches of Prof. Righi. 

May— MAY'S BELTING TABLE. Showing the Relations between— 

(1) The number of revolutions and diameter of pulleys and velocity of belts ; (2) The horse- 
power, velocity and square section of belts; (3) The thickness and width of belts ; (4) The 
square section of belts at different strains per square inch. For office use, printed on 
cardboard, with metal edges and suspender, price 2s. ; post free, 2s. 2d. For the pocket, 
mounted on linen, in strong case, 2s. 6d. ; post free, 2s. 8d. 

May— MAY'S POPULAR INSTRUCTOR FOR THE MANAGE- 
MENT OF ELECTRIC LIGHTING PLANT. An indispensable Handbook for persons 
in charge of Electric Lighting Plants, more particularly those with slight technical 
training. Pocket size, price 2s. 6d. ; post free, 2s. 8d. 

May— MAY'S TABLE OF ELECTRIC CONDUCTORS. Showing 

the relations between : — (1) the sectional area, diameter of conductors, loss of potential, 
strength of current, and length of conductors ; (a) the economies of incandescent lamps, 
their candle-power, potential, and strength of current ; (3) the sectional area, diameter 
of conductors, and strength of current per square inch. For office use, printed on card- 
board, with metal edges and suspender. Price as. ; post free, 2s. 2d. For the pocket, 
mounted on linen, in strong case. 2s. 6d. ; post free, 2s. 8d. 

Phillips— THE BIBLIOGRAPHY OF X-RAY LITERATURE 

AND RESEARCH. Being a carefully and accurately compiled Ready Reference Index 
to the Literature on Rontgen or X-Rays. Edited by Charles E. S. Phillips. With an 
Historical Retrospect and a Chapter, " Practical Hints," on X-Ray work by the Editor. 
Price 5 s. post free. 

Pritchard— THE MANUFACTURE OF ELECTRIC LIGHT 

CARBONS. By O. G. Pritchard. A Practical Guide to the Establishment of a Carbon 

Manufactory. Fully illustrated. Price is. 6d., post free is. gd. 
The object of Mr. Pritchard in preparing this work for publication was to enable British 
manufacturers to compete with those of France, Austria, Germany and Bohemia in the pro- 
duction of electric arc carbon candles. The book is fully illustrated and gives technical details 
or the establishment and working of a complete carbon factory. 

Ram— THE INCANDESCENT LAMP AND ITS MANUFAC- 
TURE. By Gilbert S. Ram. Fully Illustrated. Price 7s. 6d. post free. 
The Author has endeavoured to give such information as he has acquired in the course of a 
considerate experience in Lamp-making, and to present that information with as little mathe- 
matical embellishment as possible. The subjects dealt with include : — The Filament : Preparation 
of the Filament, Carbonising, Mounting, Flashing, Sizes of Filaments, Measuring the Filaments ; 
Glass Making and Blowing, Sealing-in, Exhausting, Testing, Capping, Efficiency and Duration, 
and Relation between Light and Power. 

Raphael— THE LOCALISATION OF FAULTS IN ELECTRIC 

LIGHT MAINS. By F. Charles Raphael. New Edition. Price 7s. 6d. nett. 

Although the localisation of faults in telegraph cables has been dealt with fully in several 
hand-books and pocket-books, the treatment of faulty electric light and power cables has never 
been discussed in an equally comprehensive manner. The conditions of the problems are, 
however, very different in the two cases ; faults in telegraph cables are seldom localised before 
their resistance has become low compared with the resistance of the cable itself, while in electric 
light work the contrary almost always obtains. This fact alone entirely changes the method of 
treatment required in the latter case, and it has been the Author's endeavour, by dealing with the 
matter systematically, and as a separate subject, to adequately fill a gap which has hitherto 
existed in technical literature. 

The various methods of insulation testing during working have been collected and discussed, 
at these tests may be considered to belong to the subject. 
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Raphael— "THE ELECTRICIAN" WIREMAN'S POCKET- 

HOOK. A Manual for the Wiring Contractor, the Main* Superintendent and the Wire- 
man. Edited by F. Charles Raphael. Price 51. nrtt, po»t free 5s. 3d. *\enr Edition 
nemrly ready. 

Editor's Note.— When the preparation of this Pocket- Hook was commenced, the original 
■tention of its Editor was to collect in a h.indy and uvful toim such Tab]***, Instructions 
aad Memoranda as woujd be useful to the Klectnc Light Wireman in his work. This has 
been carried out in Section A of the. Pocket-Hook. I>unng the pant tew yean, however, 
sony inquiries have been received for a good book dealing with the laving: of underground 
mains, and with matters connected with insulat"d condui tors generally. It was derided, there- 
fore, to extend greatly the area covered by the book, and to treat the whole subject of erecting 
and laying electrical and conducting systems in such a manner that the tablet, diagrams and 
letterpress might be useful to engineers in charge of such work, as well as to the wirem.in, 
jointer, and foreman. In fact, the section on I'ndrrground Wo:k has been compiled largely 
with a view to meeting the requirements ot Mains Superintendents, Central Station Engineers, 
and those occupied in designing networks. 

In addition to the tables, instructions and other detailed information as to cables, ducts, 
junction boxes, &c. contained in the section on Underground Mains, it has been deemed advisable 
lo add a chapter Lriefly describing the various systems emplow-d for public distributing networks. 
In this, essential practical information is alone given; two and three-phase systems are dealt 
with, as well as continuous current and single phase, ami the method ot calculating the size of 
theconductors and the fall of pressure from the number ot lamps or horse- power of motors is 
made clear without the elaboration of clock-face diagrams or algebraical exercises. 

Diagrams for the connections of telephones are given in Section I), including those for 
subscribers' instruments on the British Post Office exchange system in London ; and it is believed 
that neither these diagrams nor those for bell connections have hitherto been published together 
in convenient pocket-book form. The various conversion factors in the Miscellaneous Section 
and the arrangement of the wages tabic are those which the Editor has himself found the most 
useful in practice. 

Snell— ELECTRIC MOTIVE POWER. By Albion T. Snell. 

Over .joo pages, nearly 250 illustrations. Price 12s. 6d. post fnv ; abroad, 13s. 

The rapid spread of electrical work in collieries, mines and elsewhere has created a demand 
for a practical book on the sulject of transmission of power. Though much had been written 
there was no single work dealing with the question in a sufficiently « omprehensive and yet practical 
manner to be of real use to the mechanical or mining engineer; either the treatment was adapted 
for specialists, or it was fragmentary, and power work was regarded as subservient to the question 
of lighting. The Author has felt the want of such a book in dealing with his clients and others, 
and in "Electric Motivr Powkr'* has endeavoured to supply it. 

In the introduction the limiting conditions and essentials of a power plant are analysed, and 
in the subsequent chapters the power plant is treated synthetically. The dynamo, motor, line and 
details are discussed both as to function and design. The various systems of transmitting; 
and distributing power by continuous and alternate currents are fully enlarged upon, and much 
practical information, gathered from actual experience, is distributed under the various divisions. 
The last two chapters deal exhaustively with the applications of electricity to mining work in 
Great Britain, the Continent and America, particularly with reference to collieries and coal- 
getting, and the results of the extensive experience gained in this field are embodied. 

In general, the Author's aim has been to give a sound digest of the theory and practice of 
the electrical transmission of power, which will be of real use to the practical engineer, and tc 
avoid controversial points which lie in the province ot the specialist, and elementary proofs which 
properly belong to text-books on electricity and magnetism. 

Soddy— RADIO-ACTIVITY : An Elementary Treatise from the 

Standpoint of the Disintegration Theory. By Fredk. Soddy, M.A. Fully Illustrated, and 
with a full Table of Contents and extended Index. 6s. 6d. nett. 
Extract from Author s Preface. — In this book the Author has attempted to give a con- 
nected account of the remarkable series of investigations which have followed M. Bccquerel's 
discovery in 1896 of a new property of the clement Uranium. The discovery of this new pro- 
perty of self-radiance, or "radio-activity," has proved to be the beginning of a new science, in 
the development of which physics and chemistry have played equal parts, but which, in the 
course of only eight years, has achieved an independent position. . . . Radio-activity has 
passed from the position of a descriptive to that of a philosophical science, and in its main 

feneralisations must exert a profound influence on almost every other branch of knowledge, 
t has been recognised that there is a vast and hitherto almost unsuspected store of energy bound 
in, and in some way associated with, the unit of elementary matter represented by the atom of 
Dalton. . . . Since the relations between energy and matter constitute the ultimate ground- 
work of every philosophical science, the influence of these generalisations on allied branches of 
knowledge is a matter of extreme interest at the present time. It vtould seem that they must 
effect sooner or later important changes in astronomy and cosmology, which have been long 
awaited by the biologist and geologist. 

^ The object of the book has been to give to Students and those interested in all departments 
of science a connected account of the main arguments and chief experimental data by which the 
results so far attained have been achieved. 

Telephony— BRITISH POST OFFICE TELEPHONE SERVICE. 

An illustrated description of the Exchanges ot the Post Office Trunk and Metropolitan 

Telephone Services, giving much interesting information concerning these Exchanges. 

Now ready, 8vo, very fully illustrated. Price 2s. 6d. nett. 

In this work an illustrated description is given of the Trunk, Central and other Exchanges 

of the British Post Office Telephone Service in the London Metropolitan area. The descriptions 

of the various exchanges are complete, and the illustrations show the disposition ot the plant and 

the types of all the apparatus used. In view of the early acquisition by the Post Office of the 

undertaking of the National Telephone Company this work is of considerable interest. 
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MINUTES OF THE PROCEEDINGS AT THE HULL 

TELEPHONE INQUIRY. Price 3s. nett, post free 3s. 6d. . 

The full Text of the important Proceedings at the Telephone Inquiry held at Hull in 
August, 1903, in Blue- Book form. 

MINUTES OF THE PROCEEDINGS AT THE PORTSMOUTH 

TELEPHONE INQUIRY. Price is. 6d. nett, post free is. ad. 
The full Text of the important Proceedings in the Telephone Inquiry held at Portsmouth 
in September, 1903, in Blue-Book form. 

Wade— SECONDARY BATTERIES : THEIR MANUFACTURE 

AND USE. ByE. J. Wade. Now ready. 500 pages. 265 Illustrations. Price 10s. 6d. nett. 

In this work the Author deals briefly with the Theory and very fully with the Chemistry, 
Detijrn, Construction and Manufacture of Secondary Batteries or Accumulators. Prospectuses, 
post free, on application. 

The scope of Mr. Wade's important work covers tbe whole class of apparatus embraced in 
the theory, construction and use ot the secondary battery. 'The major portion of the book treats 
the accumulator purely from the point of view of an appliance which fulfils an important and 
definite purpose in electrical engineering practice, and whose manufacture, use and properties 
must be understood just as fully as those of a generator or a transformer. The concluding 
chapter (X.) gives a complete description of all modern electrical accumulators. The book 
contains 265 illustrations and a very copious index. 

Weymouth— DRUM ARMATURES AND COMMUTATORS 

(THEORY AND PRACTICE). By F. Marten Weymouth. Fully Illustrated. Price 
7s. 6d. post free. 
A Complete Treatise on the Theory and Construction of Drum Winding, and of Commu- 
tators for closed-coil Armatures, together with a full resume of some of the principal points 
involved in their design ; also an exposition of Armature Reactions and Sparking. After a chapter 
on the Generation of Current and Potential in Drum Armature Windings, various types of wind- 
ings, including the Siemens, Edison, Eickemeyer, Kapp, Swinburne, Crompton, Parsons and 
Fritsche windings are described and illustrated. Fol lc wing an introductory chapter, the Insulation 
of Commutators and the Methods of Construction are discussed, and the Author then proceeds to 
deal very fully with the subject ot Sparking at Commutators, to which 13 chapters are devoted, the 
concluding chapter dealing with the Taper of Commutator Segments. 

Wilkinson— SUBMARINE CABLE-LAYING AND REPAIRING. 

By H. D. Wilkinson, M.I.E.E., &c. Over 400 pages and 200 specially drawn illustrations. 
Price 12s. 6d. post free. New Edition in preparation. 
This work describes the procedure on board ship when removing a fault or break in a 
submerged cable and the mechanical gear used in different vessels for this purpose ; and considers 
the best and most recent practice as regards the electrical tests in use for the detection and 
localisation of faults, and the various difficulties that occur to the beginner. It gives a detailed 
technical summary of modern practice in Manufacturing, Laying, Testing and Repairing a Sub- 
marine Telegraph Cable. The testing section and details of 'boardship practice have been prepared 
with the object and hope of helping men in the cable services who are looking further into these 
branches. The description of the equipment of cable ships and the mechanical and electrical 
work carried on during the laying and repairing of a submarine cable will also prove to some 
not directly engaged in the profession, but nevertheless interested in the enterprise, a means of 
informing themselves as to the work which has to be done from the moment a new cable is 
projected until it is successfully laid and worked. 

Young— ELECTRICAL TESTING FOR TELEGRAPH ENGI- 
NEERS. By J. Elton Young. Very fully illustrated. Price 10s. 6d., post free ns. 
This book embodies up-to-date theory and practice in all that concerns everyday work ot 
the Telegraph Engineer. 

Contents. 



Chapter I.— Remarks on Testing Apparatus, 
II. — Measurements of Current, Poten- 
tial, and Battery Resis- 
tance. 

,, III.— Natural and Fault Current. 

t , IV. — Measurement of Conductor Re- 
sistance. 

ti V. — Measurement of Insulation Re- 
sistance. 

,, VI. — Corrections for Conduction and 
Insulation Tests. 



Chapter VII.— Measurement of Inductive Capa- 
city. 
„ VIII.— Localisation ot Disconnections. 
„ IX.— Localisation of Earth and Con- 
tacts. 
X.— Corrections of Localisation Tests. 
XL— Submarine Cable Testing during 
Manufacture, Laying ana 
Working. 
XII.— Submarine Cable Testing during 
Localisation and Repairs. 

In the Appendices numerous tables and curves of interest to Telegraph Engineers are given. 
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ELECTRIC TRACTION, 

ELECTRIC LIGHTING and 

ELECTRIC POWER 

(31 Primers.) 

25. Dynamos and Direct-Current-. 

Motors (8) 

26. Alternators and Alternate- Current 
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MotTH 

27. Transformers and Converters 
24. Testing Electrical Machinery 

29. Manavement of Dynamos 

Kleetric Machinery 

30. Electric Wires and i* aides . . 

31. Underground Mains 

32. Switchboards (12) 

S3. Switchboard Devices.. .. (21) 

34. Systems of Electric Distribution (5) 

35. Electric Transmission of Power ( ) 
86. Tramway Traction by Trolley (8) 
57. Tramway Traction by Conduit (5) 
3*. Tramway Traction by surface 

Contact (8) 

39. Tramway Traction by Accumula- 

tors (2) 

40. Electric Railways— Suburban Lines 

(4 

41. Electric Automobiles . . 
4?. Electric Ignition Devices 

43. The Incandescent Lamp 

44. Arc Lamps 

45. Street Lighting 

40 Wiring for Electric Light 

47. Electric Driving in Factories 

Electric Cranes 

48. Electric Lifts (3) 

4>*. Steam Engines (— ) 

50. Steam Boilers (9) 

51. The Equipment of Electricity 

Generating Stations . . (4) 

52. Gas and Oil Engines . . . . (8) 

53. Gas Producer Plant .. .. (10) 

54. Comparative Advantages of Steam 

and Producer Gas for Power Pro- 
duction 

55. 
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tion and Jointing .. .. (1 

Wireless Telegraphy .. .. (I 

Telephony:— 

68. The Telephone (I 

69. Telephone Sets .. .. .. (1 

70. Telephone Exchanges . . . . (M 

71. Telephone Lines (J 

72. Electric Bell Fitting and Interna 

Telephone Wiring . . . . (U 

Miscellaneous :— 

78. Electric Heating and Cooking (18 

74. Electric Welding . . . . (i 

75. Electric Furnaces .. .. (3 

76. Electro- Deposition .. .. (9 

77. Industrial Electrolysis . . (3 

78. Photo Engraving .. .. (£ 

79. Electric Clocks (U 

80. Block Signalling on Railways (6 
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ELECTRICITY IN MINES.— Under the new Rules and Regula- 

tions concerning the Use of Electricity in Mining Operations, it is compulsory that 

directions for the effective Treatment of Cases of Apparent Death from Electric Shock be 

conspicously placed in certain prescribed positions tn the Mines. 

A set of these DIRECTIONS, with illustrations showing the method of their application, 

accompanied by PRECAUTIONS to be adopted to prevent danger from the electric current, 

can be supplied. 

Prices :— On paper, 15111. by i2$in 3d. each ; 2s. 6d. per dozen. 

On thin card, ditto .. .. 6d. ,, 4s. 6d. ,, 

On thick card, ditto .. .. od. „ 7s. 6d. ,, 

Post free or carriage paid in each case. 

" THE ELECTRICIAN " PRIMERS. See complete list on page 1 1. 
THE INTERNATIONAL TELEGRAPH CONVENTION AND 

SERVICE REGULATIONS. (London Revision, 1903). The complete Official Fr-nch 
Text with English Translation in parallel columns, by C. E. J. Twisaday<India Cffice, 
London). Geo. R. Neilson (Eastern Telegraph Co., London), and officially revised by 
permission of H.B.M. Postmaster-General. Cloth (foolscap folio), 6s. nett; (demy iolio), 
8s. fcd. nett, or foolscap, interleaved ruled paper, 8s. 6d. nett. 

WIRELESS TELEGRAPH CONFERENCE, BERLIN, 1903, 

Full Report of the Proceedings at the Conference. Translated into English by 
G. R. Neilson. Officially accepted by the Post Office Authorities. Bound Cloth, 8s. 6d., 
post free 8s. gd M abroad 9s. 

STEEL-PLATE PORTRAITS. Price is. each ; post free on Roller, 

is. 2d. India mounts is. extra. Or framed in neat Black Pillar or Brown Ornamental 
Frames, price 4s. 6d. ; carriage paid (U.K.) 5s. If with mounts is. extra. 



Lord Kelvin. 

Sir William Crookes. 

Sir Oliver J Lodge. 

Hermann von Helmholtz. 

Lord Rayleigh. 

Prof. J. J. Thomson, F.R.S. 

Heinrich Hertz. 

William Sturgeon. 



Prof. W. E. Ayrton. 

Dr. Tohn Hopkinson, M.A. 

Sir Joseph Wilson Swan. 

Werner von Siemens. 

Sir Wm. Siemens. 

Alexander Siemens. 

Col. R. E. B. Crompton, C.B. 

Sir John Pender, G.C.M.G. 



♦Michael Faraday. 
♦Wili.oughby Smith. 
Sir James Anderson. 
Cyrus W. Field. 
Sir W. H. Preece, K.C.B. 
Sir Henry C. Mance, CLE. 
C. H. B. Patey, C.B. 
* is. extra. 



ELECTRICITY SUPPLY, ELECTRIC POWER AND TRAC- 

TION. Complete Group of Statistics, &c t for Local Authorities, Supply Station 
Engineers, Consulting and Contracting Engineers, Manufacturing and Supply Houses, &c. 
Local Authorities and all persons interested in electric ligbting and tramways will find 
these sheets of great value for reference in discussions upon questions relating to Electricity 
Supply for Lighting, Tramways, Power Transmission, &c. 

TABLE I —Electricity Supply Works of the United Kingdom, including all Stations 
without any Traction Load. 

TABLE n. -Electricity Supply Works with both Lighting and Tramway Loads. 

Giving full technical particulars of the equipment of the Electricity Supply Stations of the 
Kingdom, including Date of Commencement of Supply; Station Equipment (including 
boilers, engines, dynamos, batteries, &c); Frequency; Station Voltage ; Voltage at Consumers' 
Terminals ; System of Distribution ; Type and Make of Cables and Conduits ; Lamp and Motor 
Connections ; Number of Consumers and Area of District ; Public Lighting(number of Lamps,&c.) ; 
Meters ; Tariff System and Price per Unit, &c. 

(Included on this Sheet is a 1 able of Towns not owning Electricity Works, but taking a 
supply " In Bulk." This Table (No. 1a) contains information as to the source of supply, with 
equipment of sub-stations and system of distribution. Also other information as in Table I.) 

TABLE III.— Electric Power Undertakings of the United Kingdom. 

Giving particulars of the Area of District and the Chief Towns Supplied, Officials, System 01 
Generation and Distribution, Chief Consumers, Total Connections, lype and Size of Mains, 
Number of Generating Stations and Sub- stations, with their Equipments and Tariff for Supply. 

With Maps of Areas. 

TABLE IV.— Tramways and Light Bailways Supplied from Combined Lighting and 
Traction Power Houses. 

TABLE V.— Tramways and Light Bailways with Power Houses for Traction only. 

TABLE VI.— Electric Railways. 

These three Tables on one Sheet, 38m. by 36in. Giving very complete and accurate parti- 
culars of the various Electric and Tramway Undertakings, including : Name of Owners ofLine, 
with Officials, &c. ; Power House Equipment (including boilers, engines, dynamos, &c); Track 
Construction (gauge, length of track, type of rail, gradients, curves, &c); Line Equipment 
(s>stem, material, gauge and method of suspending conductors, type, make, &c, of feeders, feeder 
conduit, line voltage, &c); Number, Type, Seating Capacity, &c , of Cars; Car Equipment; 
Method of Controlling Motors ; Type and Number of Brakes per Car, &c. 

TABLE VII.— Colonial and Foreign Electricity Supply Works. 

Giving technical particulars of the Generating Plant, System of Distribution, Periodicities, 
Voltages, Connections to Mains, &c, of the principal Electricity Supply Undertakings of the 
Colonies, Central and South America, Japan, &c, &c. A valuable compilation for exporters of 
engineering specialities. Prices on application. 
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iCTED LIST OF STANDARD WORKS FOR 
CTRICAL AND MECHANICAL ENGINEERS, 

STUDENTS, &c. 

lAbbott— THE ELECTRICAL TRANSMISSION OK KNKROY 

By A. V. Abbott. »5«. 

[Abney— INSTRUCTION IN PHOTOGRAPHY. H> • Capt. Sir W. 

de W. Abney, F.R.S. Tenth edition. <>«. 

[Addyman— PRACTICAL X-RAY WORK. By Frank T. Addy- 

man, B.Sc. ios. od. nett. 

Allsop — INDUCTION COILS AND COIL MAKING. By F. C. 

Allsop. 33. 6d. 

Allsop— PRACTICAL ELECTRIC LIGHT FITTING. By F. C. 

Allsop. 5s. 

Andrews— ELECTRICITY CONTROL; A Treatise on Electric 

Switch-gear and Systems of Electric Transmission. Hy L. Andn-ws. 12s. 6<1. 

Arnold— ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. Hy Prof. E. Arnold. Translate! hy F. H. D«» (ir.-s«. 12*. nett. 

Arnold — KONSTRUKTIONSTAFELN FUR DEN DYNAMO- 

BAU. By Prof. K. Arnold. Part I.. GleichstromMaschincn. Fourth Edition. 21s. 
PartII.,Wechselttrom-Maschincn,Umforni<'r t Motori'n& Transtormatoren. Second Ed.2is. 

Arrhenius— TEXT BOOK OF ELECTRO-CHEMISTRY. By 

Prof. Svante Arrhenius. Translated from Grrra.in hy J. McCrac, Ph.D. <;s.6d. net. 

Ashe and Keiley- ELECTRIC RAILWAYS. By S. W. Ashe and 

J. D. Keiley. ios. 6d. 

Atkinson— POWER TRANSMITTED BY ELECTRICITY. By 

Philip Atkinson. Third Edition. 9s. 

Baly— SPECTROSCOPY. By E. C. C. Baly. ios. 6d. 
Barlow— BARLOWS TABLES OF SQUARES, CUBES, 

SQUARE AND CUBE ROOTS Reciprocals of all Integer Numbers up to 10.000. 6s. 

Bate— PRINCIPLES OF ELECTRICAL POWER (CONTINU- 
OUS current) for MECHANICAL ENGINEERS. By A. H. Bate. 4s. 6d. 

Bauersfeld— DIE AUTOMATISCHE REGULIERUNG DER 

TURBINEN. By Dr. W. Bauersfeld. os. 

Behrend— THE INDUCTION MOTOR. By B. A. Behrend. 7s. 
Bell— THE ART OF ILLUMINATION. By Dr. L. Bell. ios. 6d. 
Bell— ELECTRICAL POWER TRANSMISSION. By Louis Bell. 

Thir 1 Edition. 13s. 6d. 

Bell— POWER DISTRIBUTION FOR ELECTRIC RAILROADS. 

By Dr. L.Bell. lis. 

Blondel and Paul-Dubois— LA TRACTION ELECTRIQUE 

SUR VOIES FERREES. Hy Prof. A. Blondel and F. Paul-Dubois. Two Vols. 43s. 

Blount.— PRACTICAL ELECTRO-CHEMISTRY. By B. Blount. 

Second Edition. 15s. nett. 

Blount and Bloxam— CHEMISTRY FOR ENGINEERS AND 

MANUFACTURERS. By H. Blount and A. G. Bloxam. Two vols. Vol. I.— Chemistry 
of Engineering, Building and Metallurgy, ios. 6d. Vol. II. — Chemistry ot Manu- 
facturing Processes. 16s. 

Booth and Kershaw— SMOKE PREVENTION AND FUEL 

ECONOMY. By W. H. Booth and J. B. C. Kershaw. 6s. 

Bottone— GALVANIC BATTERIES ; Their Theory, Construction 

and Use. By S. R. Kottono. 5s. netr. 

Bottone.— RADIOGRAPHY AND THE X-RAYS. By S. R. 

Bottone. 3s. 6d. 

Boy de la Tour— THE INDUCTION MOTOR. By H. Boy 

de la Tour. Translated from French by C. Mailloux. us. 

Buchetti— ENGINE TESTS AND BOILER EFFICIENCIES. 

By J. Buchetti. Edited and translated by Alex. Russell, M. A., M.I.E.E. ios. 6d. nett. 

Burke.— THE ORIGIN OF LIFE. By J Butler Burke. 16s. nett. 
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Burns— ELECTRICAL PRACTICE IN COLLIERIES. By D 

Burns, M.I.M.E. Second Edition, 7s. 6d. nett. 

Carhart and Patterson— ELECTRICAL MEASUREMENTS. 

By Prof. H. S. Carhart and G~. W. Patterson, jun. 8s. 6d. 

Carus- Wilson— ELECTRO - DYNAMICS : The Direct Current 

Motor. By Prof. C. A. Carus- Wilson. 7s. 6d. 

Castell-Evans— PHYSICO-CHEMICAL TABLES. By J. Castell- 

Evans. Vol. I. 24s. 

Classen and Lob —QUANTITATIVE CHEMICAL ANALYSIS 

BY ELECTROLYSIS. Translated from the German of Dr. A. Classen and Dr. W. 
Lob by \V. H. Herrick and B. B. Bolt wood. 12s. 6d. net. 

Cleaves— LIGHT ENERGY ; Its Physics, Physiological Action and 

Therapeutic Applications. By Margaret A. Cleaves. 21s. 

Clerk Maxwell— A TREATISE ON ELECTRICITY AND 

MAGNETISM. By J. Clerk Maxwell, M. A., F.R.S. Third Edition. Twovols. £1. 12s. 

Clowes and Coleman— ELEMENTARY PRACTICAL CHE- 

MISl'RY AND QUALITATIVE ANALYSIS FOR ORGANISED SCIENCE 
SCHOOLS. By Prof. F. Clowes, D.Sc, and J. Bernard Coleman. 8vo, 3s. 6d. 

Collins— WIRELESS TELEGRAPHY. By A. F. Collins. 13s. 6d. 
Crocker— ELECTRIC LIGHTING. By Francis B. Crocker. Vol. I., 

Generating Plant ; Vol. II., Distributing System and Lamps. 12s. 6<1. each. 

dimming— ELECTRICITY TREATED EXPERIMENTALLY. 

By L. Cumming, M.A. 4s. 6d. 

Curry— THEORY OF ELECTRICITY AND MAGNETISM. 

By C. E. Curry, Ph.D., with Preface by Prof. L. Boltzmann. 8vo., 460 pages. 8s. 6d. nett. 

Cushing -STANDARD WIRING FOR ELECTRIC LIGHT AND 

POWER. By H. C. Cushing, Jun. Strongly bound in cloth, 5s. post free. 

Dawson— ELECTRIC RAILWAYS AND TRAMWAYS: Their 

Construction and Operation. Revised, enlarged and brought up to date from Engineering 



By Philip Dawson, C.E. Demy 4to, handsomely bound in Half Morocco, containing 
many Tables, Diagrams and Working Drawings. 42s. 

Dawson — ENGINEERING AND ELECTRIC TRACTION 

POCKET BOOK. By Philip Dawson, C.E., M.I.E.E. 3rd Edition. 17s. 6d. nett. 

Deschanel— NATURAL PHILOSPHY: An Elementary Treatise. 

By Prof. A. Privat Deschanel. Translated and added to by Prof. J. D. Everett, D.C.L., 
F.R.S. Twelfth Edition. Cloth, 18s. Also in four parts.— I. Mechanics, Hydro- 
statics, &c. ; II. Heat; III. (New Ed. Hon) Electricity and Magxbtism; IV. Sound 
and Light, 4s. 6d. each. 

Desmond— ELECTRICITY FOR ENGINEERS. By Ch. Des- 

mond. Revised Edition. 10s. 6d. 

Du Bois— THE MAGNETIC CIRCUIT IN THEORY AND 

PRACTICE. By Dr. H. du Bois. Translated by Dr. E. Atkinson. 12s. nett. 

Dunkerley— MECHANISM. By Prof. S. Dunkerley. 9s. 
Eichorn— WIRELESS TELEGRAPHY. By Gustav Eichorn. 8s. 6d. 
Engineering Standards— COMMITTEE'S REPORTS. Particu- 

lars and Prices on application. 

Everett— ELECTRICITY. By J. D. Everett, F.R.S. An Expan- 

sion of Everett's " Deschanel," Pait III., on the lines of Modern Electrical Theory. 

Everett— ILLUSTATIONS OF THE C.G.S. SYSTEM OF UNITS. 

With Tables of Physical Constants. By J. D. Everett, F.R.S. 5s. 

Ewing— THE STEAM ENGINE AND OTHER HEAT ENGINES. 

By Prof. J. A. Ewing, F.R.S. 15s. 

Faraday — EXPERIMENTAL RESEARCHES IN ELEC- 

TRICITY. 1839- 1855. Three Vols. 8vo. cloth. £2. 8s. 

Fischer-Hinnen — WIRKUNGSWEISE, BERECHNUNG UND 

KONSTRUKTION ELEKTRISCHKR GLEICHSTROM-MASCHINEN. By J. 
Fischer-Hinnen. Fourth Edition. Revised and enlarged. 14s. 

Fleming— MAGNETS AND ELECTRIC CURRENTS. By Dr. 

J. A. Fleming, M.A., F.R.S., &c. Crown 8vo., cloth, 7s 6d 

Foster— ELECTRICAL ENGINEERS' POCKET BOOK. By 

Horatio A. Foster. 21s. nett. * 
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Foster and Porter— ELEMENTARY TREATISE ON ELEC- 
tricity AND MAGNETISM. Found.-d on Jouhrrt's "Trait* EI6mentaire 
d'ElectriciteV' By Prof. (». C. Foster, F.K.S., ami A. W. Porter. Second Edition. 
xos. 6d. 

Gay and Yeaman— CENTRAL STATION ELECTRICITY 

SUPPLY. By Albert Gay and C. II. Yeaman. Second Edition. ioi. nett 

Gerard— ELECTRICITY AND MAGNETISM. Translated from 

French of Prof. E. Gerard, under direction of Dr. Louis Duncan, with additions by Dr. 
Louis Duncan, C. P. Steir.mctz, A. E. Kennelly and Dr. Cary T. Hutchinson. Cloth, us. 

Gerard— LEMONS SUR L'ELECTRICITE. By Eric Gerard. 

Two Vols., fully illustrated. Vol. I., Seventh Kd. f 12s. Vol. II., Seventh Ed., 10s. 6d. 

Gerard— MESURES ELECTRIQUES. By Eric Gerard, ios. 
Gerard— TRAITE COMPLET D'ELECTRO TRACTION. By 

Ernest Gerard. 25s. 

Glazebrook— ELECTRICITY AND MAGNETISM. By R. T. 

Glazebrook, M.A., F.R.S. 7s. 6d. 

Gonzenbach— ENGINEERING PRELIMINARIES FOR AN 

1NTERURBAN KLIdRIC RAILWAY. Rv E. Gonzenbach. 5s. 

Gore- THE ART OF ELECTRO-METALLURGY. By Dr. G. 

Gore. 6s. 

Gray— ABSOLUTE MEASUREMENTS IN ELECTRICITY 

AND MAGNETISM. By Prof. A ndrew Gray. Second Edition, 5s. 6d. 

Gray- THEORY AND PRACTICE OF ABSOLUTE MEASURE- 
MENTS IN ELECTRICITY AND MAGNETISM. By Prcf. Andrew Gray, M.A., 
F.R.S.E. In two Vols., crown 8vo. Vol. L, 12s. 6d. Vol. II., in two parts, 25s. 

Gray and Matthews— TREATISE ON BESSEL FUNCTIONS 

AND THEIR APPLICATIONS TO PHYSICS. By Prof. A. Gray, M.A., F.R.S.E., 
and G. M. Matthews. M.A. 16s. 

Gray— ELECTRICAL INFLUENCE MACHINES. By J. Gray. 5s. 
Groves and Thorp— CHEMICAL TECHNOLOGY, Vol. IV. 

Electric Lighting, by A. G. Cooke ; Photometry, by W. J. Dibdin. 20s. 

Hadley— MAGNETISM AND ELECTRICITY FOR STUDENTS. 

By H. E. Hadley. 6s. nett. 

Hanchett— MODERN ELECTRIC RAILWAY MOTORS. By 

By G. T. Hanchett. 9s. 

Hawkins and Wallis— DYNAMO, THE : Its Theory, Design and 

Manufacture. By C. C. Hawkins, A.M.Inst. C.E., and F. Wallis. Third Edition. 
Revised and Enlarged. 15s. 

Hedges— MODERN LIGHTNING CONDUCTORS. An illus- 

trated Supplement to the Report of the Lightning Research Committee of 1905. By 
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